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INTRODUCTION 
Preweaning and weaning weights and gains of beef calves 
are of primary importance to the beef cattle producer because 
the weaning weight of the calf represents the annual produc­
tion of the beef cow. Increased emphasis on performance and 
the trend toward marketing lighter animals at younger ages 
require that the relationships of preweaning and weaning 
gains and weights be understood thoroughly. This understand­
ing depends upon knowledge of such items as heritability, 
repeatability, and genetic and environmental correlations of 
the preweaning and weaning weights and gains under different 
management and environmental regimes. 
Heritabilities of preweaning and weaning weights and 
gains appear to be of sufficient magnitude that genetic 
progress should result when faster gaining animals are 
selected. However, very little research has been conducted 
relative to estimating heritability and repeatability of 
preweaning and weaning weight and gain under different 
environmental regimes. 
The term repeatability refers to the intraclass correla­
tion or to the correlation between repeated records of a 
given trait for the same individual. However, preweaning and 
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weaning weights and gains of the beef calf occur only once in 
the lifetime of the animal and are repeatable only when con­
sidered as a characteristic of the cow. Thus, the repeat­
ability of preweaning and weaning traits is interpreted as 
the proportion of the total variance of the trait which is 
due to hereditary and permanent environmental effects of the 
cow. 
This study seeks to evaluate the repeatability of pre­
weaning and weaning weights and daily gains of beef calves 
raised under two management regimes. The traits studied 
were: (1) first (100 day) weight (FW), (2) first (100 day) 
daily gain (FDG), (3) weaning (205 day) weight (WW), (4) 
weaning (205 day) daily gain (WDG) and weight gain from 100 
day to 205 day weights expressed as both (6) second gain 
(SG) and second daily gain (SDG). The calves were reared 
on four Iowa State University experimental farms during the 
years 1959, 1960 and 1961, Calves on two of the farms, 
Albia and Ankeny, received supplemental feed, i.e. creep-
feed, during the period from the 100-day to the 205-day 
weight; whereas, calves on the remaining two farms, Chariton 
and Lineville, did not receive this supplemental feed. The 
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effects of creep-feeding upon such factors as rate of gain, 
sex differences and age of dam differences are an important 
aspect of the study. 
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REVIEW OF LITERATURE 
Birth Weight 
Breeds 
Birth weights of calves differ among the various beef 
breeds. In general, calves of the Angus breed are lighter 
at birth than calves of the Hereford or Shorthorn breeds. 
Temple (1963) in the 1962-1963 Annual Report of the Southern 
Regional Beef Cattle Breeding Project (SIO) list by breed 
the average birth weights of calves born during 1962 as: 
60.2 pounds for 1031 Angus, 69.3 pounds for 1731 Hereford, 
67.2 pounds for 190 Shorthorns, 74.2 pounds for 96 Santa 
Gertrudis, 61.8 pounds for 169 Brahman and 68.0 pounds for 
70 Brangus. Comfort and Lasley (1960) from a survey of the 
literature derived average birth weights of 66, 74 and 67 
pounds for bulls and 59, 71, and 62 pounds for heifers in 
the Angus, Hereford and Shorthorn breeds, respectively. 
Burris and Blunn (1952) at the Nebraska station observed 
birth weights of 64.2, 67.4 and 64.3 pounds for 502 calves 
of the Angus, Hereford and Shorthorn breeds, respectively. 
Similar means and standard deviations from the Virginia 
station (Flock et , 1962) were 63.4+8.8, 68.0+9.5 and 
70.0 +8.5 pounds for 473 Angus, 514 Hereford and 438 Short­
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horn calves, respectively. Other workers at Nebraska 
(Gregory et , 1950; Koch _et , 1955; Swiger et al. , 
1961; Swiger _et al., 1962) reported average birth weights for 
Angus, Hereford and Shorthorn breeds which ranged from 66 to 
74.2 pounds. In these studies Herefords were most numerous. 
Sex 
Male calves are usually heavier at birth than female 
calves. This difference in average birth weight ranges from 
3.5 to 7.2 pounds with an average of 5 pounds for beef and 
dairy breeds (Dawson e_t al. , 1947; Burris and Blunn, 1952; 
Botkin and Whatley, 1953; Koch and Clark, 1955a; McCormick 
et al., 1956; Comfort and Lasley, 1960; Brinks et al., 1961; 
Martin et al., 1962). The standard deviation of birth weights, 
as reported in the above studies, ranged from 7.0 to 10.0 
pounds. In general, the standard deviations were about two 
pounds more for bull than for heifer calves. Brinks et al. 
(1961) observed standard deviations of 8.1 and 6.1, and 7.5 
and 6.9 pounds for bull and heifer calves, respectively, in 
the purebred and grade Hereford herds. 
Age of Dam 
Calves from 2 and 3 year old dams are lighter at birth 
than calves from older cows (Dawson e_t al. , 1947; Burris and 
Blunn, 1952; Botkin and Whatley, 1953; Koch and Clark, 1955a; 
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McCormick et al., 1956; Swiger, 1961; Brinks et al.. 1962). 
In the study by Dawson _et (1947), involving 402 calves 
from 112 Shorthorn dams, birth weight tended to increase with 
age of dam until approximately 6 years after which there was 
no further increase. Botkin and Whatley (1953) adjusted 
birth weights of calves from 3 and 4 year old dams by adding 
4 pounds and 2 pounds respectively. McCormick _et aX. (1956) 
adjusted the birth weights of calves from 2, 3, and 4 year 
old dams by the addition of 10 pounds, 6 pounds and 2 pounds, 
respectively. In the studies involving Western beef cattle 
(Koch and Clark, 1955a; Burris and Blunn, 1952; Brinks _et aX. , 
1962) and Cornbelt beef cattle (Swiger, 1961) the calves with 
the heavier birth weights were from cows ranging in age from 
5 to 10 years. 
Inbreeding 
Studies at Nebraska (Swiger et al., 1961; 1962) show 
that the effect of inbreeding of calf and inbreeding of dam 
on birth weight of calf is variable. The 1961 study of the 
effect of inbreeding on performance traits of beef cattle 
included the records of 283 calves from Lincoln and 677 
calves from Fort Robinson. The average inbreeding of the 
calves and dams was 0.13 and 0.10 at Lincoln and 0.05 and 
0.03 at the Fort Robinson station. The partial regression of 
7 
birth weight on inbreeding of calf and on inbreeding of dam 
was -.38 + 0.13 and -.03 + 0.12 for the Lincoln calves, and 
-.06 + 0.08 and 0.13 + 0.08 for the Fort Robinson calves. 
The 1962 study dealt with evaluating factors which affected 
the preweaning growth of 2092 calves at Fort Robinson and 647 
calves at Lincoln. The average inbreeding of the calves and 
dams was 0.089 and 0.084, respectively, for the Lincoln sta­
tion. The partial regression of birth weight on inbreeding 
of calf and inbreeding of dam was -.10 + 0.14 and -.07 + 0.08, 
respectively. Since relatively little inbreeding had occurred 
at Fort Robinson, the inbreeding coefficients were ignored in 
the analysis. 
In general, birth weight has limited value as a predictor 
of post-natal performance for beef cattle. Flock et al. 
(1962) studied the relationship of linear body measurements 
and other birth observations on beef calves as predictors of 
preweaning growth rate and weaning type score for 473 Angus, 
514 Hereford and 438 Shorthorn calves at the Virginia station. 
In this study differences in birth weights accounted for 9, 
6 and 2 percent of the total variance of corrected daily gain 
to weaning for the Angus, Hereford and Shorthorn calves, 
respectively. The study by Gregory et aJL. (1950) showed that 
differences in birth weight accounted for 5 and 19 percent 
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and 7 and 36 percent of the total variance for gain from 
birth to weaning and for weaning weight, respectively, in the 
281 Hereford calves at North Platte and 74 Hereford calves at 
Valentine. 
Preweaning Average Daily Gain 
The measurements of preweaning performance (weight, gain 
from birth and daily gain from birth) of beef calves are 
usually taken midway through the suckling period. This mid­
point varies from 112 days to 130 days (Chambers _et aj.. , 1956; 
Swiger et al., 1962) if only one set of preweaning perform­
ance measurements is obtained. However, in other studies 
(Rollins et al., 1952; Rollins and Guilbert, 1954; and Brown, 
1960) the measurements were obtained at monthly intervals. 
Adjustments for sex, age of dam, season and year of 
birth reduced the variance of daily gain from birth to four 
months and daily gain from four to eight months by 41 percent 
and 61 percent, respectively (Rollins _et al., 1952). Repeat-
abilities, as measured by intraclass correlations, were 0.37 
and 0.26 for gains during the two periods. 
Rollins and Guilbert (1954) observed that the daily gain 
for bull calves was 0.13 pounds per day greater than for 
heifer calves from birth to four months. The unadjusted 
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daily gain of both bull and heifer calves from birth to four 
months was 1.91 + 0.31 pounds. The repeatability of daily 
gain from birth to four months was 0.34. 
The study by Bovard _et al. (1963) at the Virginia sta­
tion included the preweaning growth records for 785 Angus, 
802 Hereford and 853 Shorthorn calves. The variability with­
in the three breeds was very similar for birth weight, weight 
at 120 days, and daily gain from 120 days to weaning. Sex 
differences were significant for all variables. The sex 
(male-female) differences in daily gain from birth to weaning 
were 0.231, 0.198 and 0.134 pounds for the Angus, Hereford 
and Shorthorn calves, respectively. 
Heritabilities and standard errors, as calculated by 
paternal half-sib correlations, were 0.13 + 0.02 and 0.21 + 
0.09, 0.18 + 0.08 and 0.28 + 0.10, and 0.39 + 0.10 and 0.33 + 
0.10 for daily gain from birth to 120 days, daily gain from 
birth to weaning, and daily gain from 120 days to weaning for 
heifers and bulls, respectively (Meyerhoeffer ^  al., 1963). 
Inbreeding of calf and dam is not consistent in its 
effect on preweaning performance records within breeds 
(Bovard ^  al., 1963). The partial regressions of daily gain 
from birth to weaning on percent inbreeding of the calf and 
dam were -0.0056 and -0.0012 for the Angus breed and -0.0013 
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and -0.0047 in the Shorthorn breed. In the 1962 calves the 
average inbreeding coefficients of the calves were 0.26 and 
0.32 for Angus and Shorthorn, respectively. 
Preweaning Total Gain 
Swiger e^ al. (1962) developed multiplicative sex cor­
rection factors, calculated as the ratio of female to male 
means for preweaning gains. The sex means were computed by 
weighting each source-line-year-age of dam-sire subclass mean 
for each sex by the factor, —— . Here M equals the 
M + F 
number of males and F the number of females in each subclass. 
The variables studied were gain from birth to 130 days and 
gain from 130 to 200 days. Gain from birth to 130 days was 
computed as weight at end of breeding season minus birth 
weight divided by age at end of breeding season multiplied by 
130. Gain from 130 to 200 days was computed as average daily 
gain times 70. The multiplicative correction factors for 
bulls and steers were 0.934 and 0.945 for the early period 
and were 0.93 and 0.93 for the later period. After adjusting 
the individual data to a heifer basis the sum of squares and 
cross-products, within source-line-year-age of dam-sire sub­
classes, were used simultaneously to compute partial regres­
sions of gains on inbreeding of calf, inbreeding of dam and 
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age of calf. For the later gains, both linear and quadratic 
regressions were computed for age of calf. The regressions 
for inbreeding of calf, inbreeding of dam and age of calf in 
days were -.36, -.10 and 1.68, respectively, for the early 
gains. The values for the later gains were -.15, 0.05, 0.88 
and -.0039, respectively, in the Lincoln data. Only partial 
regressions on age were computed for the Fort Robinson data. 
The linear regression on age of calf was 1.65 for the early 
period; while the linear and quadratic were 0.54 and -.0027 
for the later periods. 
Males of the five major dairy breeds (Ayrshire, Brown 
Swiss, Guernsey, Holstein, and Jersey) gained an average of 6 
and 30 pounds more than females at 8 weeks and 6 months, 
respectively (Martin et al., 1962). 
A study of the age of dam constants derived by Swiger ^  
al. (1962) for gain from birth to 130 days and gain from 130 
to 200 days, when corrections had been made for sex, inbreed­
ing of calf and dam and age of calf, show that age of maximum 
production varies with trait measured and with location. 
Preweaning Weights 
A study of the productivity of beef cows as reflected in 
their 112 and 210 day calf weights showed that male (bull and 
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steer) calves were from 11 to 20 pounds heavier than female 
calves at 112 days (Chambers _et , 1956). This study 
included the records of 1,110 calves from 303 cows which were 
utilized in experimental treatments on four different farms. 
The records were adjusted for age of calf, sex of calf, age 
of dam, experimental treatment and year of birth. Additive 
corrections were made for sex and age of calf. Corrections 
for age of dam, experimental treatment and year were computed 
by either adding to or subtracting from the project mean the 
age of dam-treatment-year subclass mean. Repeatabilities, 
using pooled data, as calculated by the intra class correla­
tion and the regression of subsequent records on first record, 
were 0.29 and 0.32, respectively. 
Brown (1960) studied the influence of year and season of 
birth, sex, sire and age of dam on weights of beef calves at 
60, 120 and 180 days of age. This study included one Hereford 
and two Angus herds. Linear adjustments were made for age of 
calf. In the Hereford herd the male (bull and steer) calves 
were 11, 17 and 30 pounds heavier than females at 2, 4 and 6 
months, respectively. Similar advantages for male calves in 
the creep-fed and non-creep-fed Angus herds were 9, 16 and 
19 pounds and 8, 12 and 18 pounds, respectively. A study of 
the age of dam constants, using lactation number as the 
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measure of age of dam, showed that the heaviest weights at 
2, 4 and 6 months were from cows in the 5th through the 7th 
lactations. Spring calves were an average of 11, 40 and 65 
pounds heavier than fall calves at 2, 4 and 6 months. Year 
differences were significant for all weights. Significant 
sire differences were noted in the 2, 4 and 6 month weights 
for non-creep calves, but only in the 2 month weight for the 
creep-fed Angus calves. 
Neville (1962) studied the influence of dam's milk pro­
duction and other factors on 120 and 240 day weight of Here­
ford calves of 131 Hereford calves from 61 dams and 5 sires. 
Years, treatments, milk production, birth order and birth 
weight significantly affected 120 day weight. Sire differ­
ences, sex of calf, weight of dam and age of dam did not 
significantly affect the 120 day weights. Steer calves were 
9 pounds heavier than heifers at 120 days. Age of dam dif­
ferences were adjusted for variations in weight of dams and 
in milk production with the analysis used. 
Weaning Gains and Weights 
Age of calf 
The standard age at weaning for beef calves varies 
according to geographical localities within the United States. 
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In general, calves in the Northern states are weaned at 
younger ages than are calves in the Southern states. The 
standard weaning age varies from 190 days in South Dakota 
(Johnson and Dinkel, 1951; Minyard and Dinkel, 1960) to 240 
days in Arkansas and Georgia (Brown, 1960; Neville, 1962). 
Personnel associated with Federal Experiment Stations wean 
calves at 180 days (Dawson _et , 1954; Koch, 1951; Brinks 
et al., 1961, 1962). 
In most beef cattle data the range in age at weaning 
between the oldest calf and the youngest calf is from 60 to 
100 days, the mean age of all calves being approximately equal 
to the standard weaning age. There is evidence (Koch, 1951; 
Johnson and Dinkel, 1951 and Swiger _et al., 1962) that the 
growth rate of calves varies in different periods of the 
preweaning growth curve. Thus, there is some uncertainty as 
to the correct adjustment to be used when correcting weanling 
traits of beef calves to the standard age. 
Several linear methods have been used for correcting 
weanling traits to a constant age. Koch and Clark (1955a) 
adjusted the weaning weights of 5,952 Hereford calves to a 
standard age of 182 days. In this study the 182-day adjusted 
weaning weight was equal to the actual weaning weight plus 
the product of average daily gain to weaning and the 
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deviation of actual weaning age from the standard age of 182 
days. Similar correction for weaning gain was average daily 
gain to weaning multiplied by the standard age of 182. The 
regression of 182-day gain on actual weaning age was -.04 + 
0.01. This regression was not significantly different from 
zero. The authors indicated that, contrary to popular opinion, 
calves born early in the calving season did not grow quite as 
rapidly as did calves born later in the calving season. 
Similar regressions of 180-day gain and 180-day weaning weight 
on actual weaning age were 0.0698 and -0.0180, respectively, 
for 1,029 selected Hereford bulls at the Miles City Station 
(Brinks _et a^. , 1962). 
Comfort and Lasley (1960) corrected weaning weights to a 
standard age of 210 days. The 210-day adjusted weight was 
equal to birth weight plus the product of average daily gain 
from birth to weaning multiplied by 210. 
When several preweaning weights are obtained, say at 
monthly intervals from birth to weaning, the corrected wean­
ing weight at the standard age is obtained by utilizing the 
monthly weights which bracket the desired standard weaning 
age. The corrected weaning weight would be equal to the 
actual weight at earlier month plus the product of monthly 
average daily gain and deviation of standard age minus actual 
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age at earlier month weight. This method was used by Brown 
(1960) and Rollins and Guilbert (1954) in correcting the 
weaning weight to a standard age of 240 days. 
Others (Comfort and Lasley, 1960; Lehmann et aj.. , 1961; 
Marlowe and Gaines, 1958; Nelms and Bogart, 1956) have 
grouped the calves by actual age at weaning in standardizing 
the age at weaning. Comfort and Lasley (1960) grouped the 
calves by date of birth into ten 15-day groups. The birth 
date was from December 1 to April 30. The authors developed 
additive and multiplicative factors for these groups with the 
period from February 1 to February 15 as the base period. 
Lehmann ^  aJL. (196l) calculated least squares constants 
for the months of birth when studying weaning weight and 
weaning daily gain in beef cattle. The calves were born 
during the months of January through June. Marlowe and 
Gaines (1958) studied the weaning daily gain of 4,166 creep-
fed calves and 2,007 non-creep-fed calves weaned at dif­
ferent ages. The calves were from 44 Angus, 19 Hereford and 
3 Shorthorn herds in Virginia. The calves were grouped into 
seven 30-day intervals according to weaning age which ranged 
from 90 days to 300 days. Least squares constants were 
developed for the groups. 
Nelms and Bogart (1956) grouped calves into six 20-day 
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periods beginning with March 1. 
Johnson and Dinkel (1951) utilized the weights of 297 
Hereford calves in a study dealing with the appropriate cor­
rection factors for adjusting weights of range calves to a 
constant age of 190 days. In this study the mean age in days 
and weight in pounds was 76.8 and 217.2 for calves weighed 
at ages less than 154 days and 183.8 and 394.5 for calves 
weighed between 155 and 225 days. The regression of weight 
on age was 1.85 and 0.84 pounds for the two age groupings. A 
comparison was made of the linear and quadratic correction 
equations on 70 random records. The linear correction equa­
tion gave an estimated 190-day weight which was 4.2 pounds 
less than the actual 190-day weight with a standard error of 
estimate of 11.2 pounds. The quadratic correction equation 
gave an estimated 190-day weight which was 11.0 pounds 
heavier than the actual weaning weight and had a standard 
error of estimate of 11.9 pounds. The authors recommended the 
correction equation of; Y = w|^ jwhere Y = corrected 
weight, W = actual weight at age X, A = standard age, I = age 
intercept and X = actual age in days. Similar correction 
equations were used by Botkin and Whatley (1953), Evans ^  
al. (1955) and Chambers _et (1956). 
Minyard and Dinkel (1960) used both additive and 
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multiplicative age corrections for the weaning records of 
2,351 Angus and Hereford calves. The additive age correction, 
the kind most frequently used by other workers, was computed 
as: weaning daily gain times the standard age of 190 days 
plus the birth weight. The multiplicative correction was: 
actual weaning weight times the appropriate multiplicative 
factor calculated from the data. The multiplicative factor 
was the most efficient. It removed 90 percent of the variance 
due to age of calf. 
The other most common methods of correcting for age of 
calf are by covariance analysis (Koger and Knox, 1945a) or 
by the regression of weight on age within year, sex, and age 
of dam subclass groups (Koger and Knox, 1945b; Koger and 
Knox, 1947). 
Age of dam 
The age of dam effects for weaning weights and gains are 
consistent for early weaned (180 day) and late weaned (240 
day) calves in different localities. In general, maximum 
production is from 6 to 9 years (Koch and Clark, 1955a; 
Minyard and Dinkel, 1960; Stonaker, 1958; Swiger et al.. 
1962; Lehmann et al.. 1961; Evans et al., 1955; Brown, 1960; 
Hamann _et aj^. , 1960). As would be expected, the largest 
constants were observed for 2, 3, and 4 year old dams. 
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Koch (1951) used correction factors of 41, 18 and 6 
pounds to adjust the 180 day records for 3, 4, and 5 year old 
Hereford dams to a mature or 6 year old basis. Minyard and 
Dinkel (1960) used values of 69, 33, and 21 pounds to adjust 
the 190 day records for 2, 3 and 4 year old Hereford and 
Angus dams to a mature or 8 year old basis. Swiger _et al. 
(1962) corrected weaning weights to a standard age of 200 
days. Least squares constants for 2, 3 and 4 year old dams 
were -24.6, -17.9 and 8.3 pounds at Lincoln and -48.2, -25.3 
and -3.4 at Fort Robinson. With the sign reversed these 
served as adjustment factors for 200 day records. In these 
data Angus calves were more numerous at Lincoln and Hereford 
calves were more numerous at Fort Robinson. 
Lehmann e£ al. (1961) in a study involving 203 day 
records of 1,987 Angus, Hereford and Shorthorn calves ob­
served that calves from 2, 3 and 4 year old cows were 78, 
46 and 13 pounds lighter than those having 6 year old dams. 
Values used to adjust weaning daily gain were 0.33, 0.20 and 
0.10 pounds. Comfort and Lasley (1960) developed both addi­
tive and multiplicative correction factors for adjusting the 
210 day records of Hereford cows to a 7 year age of dam 
basis. The additive and multiplicative factors for 2, 3 and 
4 year old dams were 83, 54 and 32 pounds and 1.23, 1.14 and 
20 
1.08 pounds, respectively. 
Studies at Georgia (McCormick _et al. , 1956) and Illinois 
(Evans et aJL. , 1955) utilizing grade and purebred Hereford 
cows show that additive correction factors required to adjust 
210 day records of 2, 3 and 4 year old dams to an 8 year age 
of dam were 107, 68 and 42 pounds and 106, 54 and 20 pounds, 
respectively. 
Brown (1960) at Arkansas observed in the Hereford herd 
that the 240 day weights of non-creep fed calves for the 
first, second and third lactation cows were 56, 61 and 40 
pounds lighter than the record for the sixth lactation cows. 
Similar values for the 240 day records of non-creep and 
creep Angus were 45, 32, 34 pounds and 84, 58 and 29 pounds, 
respectively. 
Sex 
Male calves usually grow at a faster rate to weaning 
than do heifer calves. Pahnish et aj,. (1961) reported the 
linear regression of weight on age at weaning for bulls and 
heifers of 1.442 + 0.146 and 1.090 + 0.120, respectively. 
The age of calves varied from 121 to 323 days and the wean­
ing weights were adjusted to 270 days using the regressions. 
A study of the weight advantages for males versus 
females in calves weaned at different ages show advantages 
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ranging from 17 to 68 pounds. Koch (1951) observed dif­
ferences of 26.2 pounds for Hereford males weaned at 180 
days. Minyard and Dinkel (1960) found differences of 34 
pounds in favor of the males in 190 day weights of 2,351 
Angus and Hereford calves born from 1951 to 1957 in 20 herds 
in South Dakota. Stonaker (1958) observed differences of 25 
pounds in favor of males at 200 days of age. Lehmann _et al. 
(1961) utilized the records of 1,987 calves in a study deal­
ing with selection indexes for weanling traits in beef 
calves. In these data the bulls were 41 pounds heavier than 
females at 203 days. The corresponding value for weaning 
daily gain was 0.18 + .01 pounds. 
In several studies where the calves were weaned at 205 
days the males exceeded the females by 26, 30, 29, 34 and 32 
pounds (Koger and Knox, 1945a; Koger and Knox, 1947; Rice 
et al. , 1954; Reynolds _et al. , 1958; Meade jet , 1961), 
respectively. Similar values for calves weaned at 210 days 
were 25, 22 and 17, 38, 46, 39 pounds (Botkin and Whatley, 
1953; Evans et al,. , 1955; Chambers et aj.. , 1956; Marlowe and 
Gaines, 1958; Comfort and Lasley, I960), respectively. How­
ever in calves weaned at 240 days larger variation in dif­
ferences between male and female weights are observed. 
These differences were 68, 31 and 18, 40, and 57, 33, 22 
22 
pounds (Rollins and Guilbert, 1954; Rollins and Wagnon, 
1956a; Hamann ^  al., 1960; Brown, 1960). 
Multiplicative sex correction factors derived by weight­
ing the lowest subclass for each sex by were utilized 
by Brinks et. , (1961), Minyard and Dinkel (1960), and 
Swiger jet al. (1962). Minyard and Dinkel (1960) used both 
additive and multiplicative sex correction measures. The 
multiplicative factor was more effective; however, neither 
reduced the sex effect for 190-day weight to a nonsignificant 
level. Brinks _et (1961) used multiplicative factors of 
0.952 and 0.942 to correct 180 day weaning gain of steers 
and bulls to a heifer basis. Swiger _et al. (1962) used 
factors of 0.934 and 0.945 to correct 130 day gain of bulls 
and steers to a heifer basis. Similar corrections derived to 
correct gain for the period from 130 to 200 days were 0.973 
and 0.933. 
Inbreeding 
Burgess _et aji. (1954) observed that weaning weight was 
decreased by 1.76 and 1.15 pounds for each one percent in­
breeding in the calf and the dam, respectively. The mean 
inbreeding coefficients were 5 percent for both calves and 
dams. Koch (1951) found reductions in the 180 day weaning 
weight of 0.48 and 0.16 pounds for each additional one per­
23 
cent inbreeding in calf and dam where the mean inbreeding was 
12.4 and 5.9 percent, respectively. Swiger _et aj.. (1962) 
calculated partial regressions of weaning weight on inbreed­
ing of calf and dam and age of calf simultaneously within 
source-line-year-age of dam-sire subclass. The regressions 
were -.70 + 0.66 and -.22 + 0.39 for each one percent in­
breeding of calf and dam, respectively. The authors point 
out the importance of considering the effects of age simul­
taneously with inbreeding when season of birth and inbreeding 
are confounded. Values of -1.71 and -.96 were found for the 
effects of inbreeding of calf and dam, respectively, on wean­
ing weight when these effects were not computed simultaneously 
with age of calf. Swiger et aj.. (1961) utilized 283 calves 
from the Lincoln station and 677 calves from the Fort Robinson 
station to study the effect of inbreeding on performance 
traits of beef cattle. The average inbreeding of calves and 
dams was 13 and 10 percent for the Lincoln data, and 5 and 3 
percent for the Fort Robinson data, respectively. The 
partial regressions and standard errors of weaning daily gain 
on inbreeding of calf and dam were -.0052 + 0.0028 and 
-.0006 + 0.0028, respectively at the Lincoln station. 
Similar values for 200 day weaning weight at the Lincoln 
station were -1.42 + 0.58 and -.15 + 0.58. The regressions 
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of weaning daily gain on inbreeding of calf and inbreeding of 
dam were 0.0000 + 0.0019 and -.0005 + 0.0019 for the Fort 
Robinson data. Similar regressions of 200 day weaning weight 
on inbreeding of calf and inbreeding of dam were -.05 + 
0.39 and 0.04 + 0.39 for the Fort Robinson station. 
Supplemental feeding 
The value of creep feeding, as measured by increased 
weight gains in beef calves, is in general more profitable 
than supplementation of the cows. Studies by Furr ^  al. 
(1959) show that the average increase in adjusted 260 day 
weaning weights due to creep feeding of fall calves was 87 
and 52 pounds for high and low supplemented cows. The mid-
April weights show that 70 and 80 percent of the total gain 
had occurred at this date. However, only one-third of the 
total creep consumption had occurred at this date. This 
study indicated that neither creep feeding nor high level 
supplementation of dams were profitable. 
Temple and Robertson (1961) used various breeds and 
crosses in studying the effects of three methods of management 
on weaning weights of beef calves. The management systems 
were; (1) wean calves at 150 days and full feed for 84 days, 
(2) leave calves with dams but creep feed from 150 to 234 
days, and (3) leave calves with dams but do not creep feed. 
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In 1959 the creep fed calves gained 35 pounds more than the 
non-creep fed calves and 39 pounds more than the early weaned 
calves during the 84 day period. In the 1960 study the non-
creep calves gained significantly more than calves in the 
other two groups during the 84 day period. The pasture 
conditions appeared to be the same for both the non-creep fed 
and creep fed calves and the two groups were managed the same. 
Thus, these data suggest that the benefits of creep feeding 
depend upon the environmental conditions peculiar to particu­
lar years and groups of animals. 
Burns and Koger (1963) studied the response of different 
breed groups to creep feeding during the suckling period. 
Half the calves of Hereford, Angus, Brahman-Angus, Santa 
Gertrudis and Brahman breeds were creep fed from day 57 to 
day 210 of the suckling period for four years. The calf 
feed consumption by breed (pounds per day) was 5.2, 4.4, 2.9, 
1.8 and 0.0 pounds for the Hereford, Angus, Brahman-Angus, 
Santa Gertrudis and Brahman breeds, respectively. The addi­
tional weight gains in the creep fed calves were 33, 24, 15, 
11 and 0 pounds, respectively. The creep fed calves in all 
breeds were on the average 17 pounds heavier than the non-
creep fed calves at weaning. 
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Repeatability 
The repeatability of weaning weight is a measure of the 
extent to which the weaning weight of calves is a permanent 
characteristic of cows. Repeatability of weaning weight is 
an important factor to consider when selecting beef cows. 
The concept of repeatability and its usefulness in selection 
has been discussed thoroughly by Lush (1945) and Kempthorne 
(1957). Estimates of repeatability for weaning weight 
range from 0.32 to 0.52 (Chambers _et al,. , 1956 and Koch, 
1951). The average correlation, as measured by the intra-
class correlation, is approximately 0.42. Chambers ^  al. 
(1956) observed repeatabilities of 0.29 and 0.32 for the 112 
and 210 day weights of beef calves. Rollins and Wagnon 
(1956a) reported repeatabilities of 0.51 and 0.34 for weaning 
weights in high and low level supplemented dams. These 
values were not considered statistically different. 
The correlation between average 112 day and 210 day calf 
weight from the same cow was 0.86 (Chambers et al., 1956). 
Rollins and Guilbert (1954) reported a correlation of 0.91 
between daily gain to four months and weaning weight at 
eight months. 
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DATA 
The data for this study consist of preweaning and wean­
ing weight records of 840 beef calves which were collected 
during the years 1959, 1960 and 1961 on experimental farms 
near the Iowa towns of Albia, Ankeny, Chariton and Lineville. 
The farm near Ankeny is in Central Iowa and the farms near 
Albia, Chariton and Lineville are in South-central Iowa. 
The management of the cow herds was approximately the 
same on all farms. The main constituent of the winter ration 
on all farms was silage supplemented with hay consisting of 
legume and grass mixtures. The type of silage varied by 
farm. At the Albia farm only corn silage was utilized; 
whereas, at the Ankeny farm oat, corn and grass silage was 
used. Oat and Atlas sorgo silage was fed at Chariton and 
corn and Atlas sorgo silage was fed at Lineville. The hay 
used to supplement the silage was a mixture of alfalfa and 
birdsfoot trefoil legumes and brome, timothy, bluegrass and 
orchard grasses. This hay was in most cases clipped from the 
pastures on the respective farms in late June and early July. 
However, in a few instances the hay was purchased from pro­
ducers in the immediate community. 
The cows and calves were grazed on pasture approximately 
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the same length of time at the different farms. The pastures 
at Albia and Ankeny consisted of alfalfa, birdsfoot trefoil, 
orchard grass, brome grass, timothy and bluegrass mixtures. 
At the Chariton and Lineville the pastures consisted of 
alfalfa, brome grass, orchard grass and bluegrass mixtures. 
Bulls were placed in the pastures on all farms on con­
secutive days for the different farms in late June of each 
year. On all farms the bulls were removed from the pastures 
at the end of 100 days. Thus, the calves were born during 
the period from mid-March to mid-to-late June of each year. 
Most of the calves were born in April and May. 
The representation of breeds was not the same on all 
farms. At Albia only purebred Herefords were present. Both 
Angus and Herefords were present at Ankeny, Chariton and 
Lineville. Registered and grade cattle were present on the 
Ankeny, Chariton and Lineville farms. 
On all farms the calves were weighed when the average 
age was approximately 100 days and again when the average age 
was approximately 205 days. The first (100-day) weight, 
obtained in late July to early August each year, was the pre-
weaning weight. The second (205-day) weight, obtained in 
late November to early December each year, was the weaning 
weight. The average age of all calves in days when the first 
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and second weights were taken was 110 and 207 days, 
respectively. 
For a given farm and year all calves were weighed on the 
same day, with the exception of the 1961 Ankeny data where the 
calves were weaned on two different days. The difference in 
days between the first and second weights for the various 
farms and years is shown in Table 1. The average difference 
was 97 days for the four farms and three years. 
Table 1. Difference in days between 100-day weight and 
weaning (205-day) weight for farms and years 
Farms 1959 
Years 
1960 1961 
Albia 98 92 115 
Ankeny 98 85 109 
96 
Chariton 98 90 99 
Lineville 98 84 102 
Calves at the Albia and the Ankeny farms were given feed 
which supplemented the dam's milk-production, i.e. "creep 
fed", during the period from the first to second weights. 
This supplement consisted of 50 percent shelled corn and 50 
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percent rolled oats. The calves at Chariton and Lineville 
did not receive supplemental feed during that period. 
The projects at Albia and Ankeny were conducted in such 
a way that some inbreeding had occurred in the animals on 
these farms. The average inbreeding was 7.33 and 4.98 for 
the dams and calves, respectively. The inbreeding coef­
ficients for the calves and dams were computed from extended 
5 generation pedigrees using the method of Wright (1922), 
The 840 records selected for analysis were for calves 
which were 50 days of age or older on date of the first (100-
day) weight and which had both 100-day and weaning (205-day) 
weights. These records were complete with respect to designa­
tion of farm, year, calf number, sex of calf, breed of calf, 
inbreeding of calf, breed of sire, sire number, breed of dam, 
dam number, inbreeding of dam, calf birth date, dam birth 
date and dates of both 100-day and 200-day weights. A calf 
card was punched listing the above information. 
Estimated birth weights of 60 and 70 pounds were 
assigned the Angus and the Hereford calves, respectively, 
as weights had not been obtained for the calves at birth. 
The dates and weights were used in summarizing the 
records for each calf. This summary gave in addition 
to the above listed items of identification the following 
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variables: age of calf in days on dates of 100-day and 205-
day weights, number of days between 100-day and 205-day 
weights for each calf, and age of dam at birth of calf in 
both months and years. In addition the following preweaning 
and weaning production trait measurements were obtained: 
(1) first (100-day) weight (FW), (2) first (100-day) daily 
gain (FDG), (3) weaning (205-day) weight (WW), (4) weaning 
(205-day) daily gain (WDG) and weight gain from the 100-day 
to the 205-day weights expressed as both (5) second gain (SG) 
and (6) second daily gain (SDG). The distribution of the 456 
creep and 384 non-creep records by farm, year, sex, breed and 
age of dam in years is given in Tables 2 and 3. 
Table 2, Distribution of calves by farm, year, sex, breed, and age of dam where 
creep feeding was practiced 
Farm Year 
Sex* 
M F 
Breed 
A H 2 3 4 
Age of dam 
5 6 7 8 
- years 
9 10 11 12 13 14 
No. 
records 
Albia 59 25 34 0 59 9 10 8 7 9 3 4 0 3 0 2 2 2 59 
60 35 45 0 80 20 12 14 7 6 9 2 4 1 2 1 1 1 80 
61 32 50 0 82 4 20 13 13 7 7 10 2 4 0 1 0 1 82 
Total 92 129 221 33 43 35 27 22 19 16 6 8 2 4 3 4 221 
Ankeny 59 32 31 26 37 10 13 15 9 9 0 3 3 1 0 0 0 0 63 
60 41 37 35 43 11 10 14 17 7 8 0 5 3 3 0 0 0 78 
61 48 46 44 50 17 18 11 8 14 9 7 0 4 4 1 1 0 94 
Total 121 114 105 130 38 41 40 34 30 17 10 8 8 7 1 1 0 235 
Total 213 243 105 351 71 83 75 61 52 36 26 14 16 9 5 4 4 456 
= male, F = female. 
= Angus, H = Hereford. 
Table 3. Distribution of calves by farm, year, sex, breed and age of dam where 
calves were not creep fed 
Farm Year 
Sex 
M 
a 
F 
Breed^ 
A H 2 3 4 5 
Age of dams 
6 7 8 9 10 
years 
11 12 13 14 15 16 
No, 
reco] 
Chariton 59 52 48 25 75 8 15 4 1 53 4 2 2 0 9 1 1 0 0 0 100 
60 34 34 24 44 3 4 6 3 1 39 4 2 1 0 4 0 1 0 0 68 
61 39 43 28 54 7 5 6 10 3 3 39 5 2 1 0 1 0 0 0 82 
Total 125 125 77 173 18 24 16 14 57 46 45 9 3 10 5 2 1 0 0 250 
Lineville 59 18 13 15 16 0 0 7 4 1 0 0 1 0 0 3 0 15 0 0 31 
60 21 20 12 29 0 0 0 6 4 15 0 2 0 0 2 1 0 11 0 41 
61 38 24 22 40 16 5 0 0 8 4 17 0 1 0 0 1 2 0 8 62 
Total 77 57 49 85 16 5 7 10 13 19 17 3 1 0 5 2 17 11 8 134 
Total 202 182 126 258 34 .29 23 24 70 65 62 12 4 10 10 4 18 11 8 384 
= male, F = female. 
= Angus, H = Hereford. 
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ANALYSIS OF DATA 
Environmental Effects 
The preweaning and weaning data were subject to certain 
environmental factors which are of interest for two reasons. 
First, the practice of creep feeding as compared with no 
creep feeding may have had some influence upon the effects of 
such factors. Second, the effects of these factors need to 
be estimated in order to provide corrections for subsequent 
analyses. The factors of primary concern here are farm, 
year, breed, sex, age of dam, age of calf, and inbreeding of 
dam and calf. In the analysis of fixed effects, the above 
are considered as independent variables, while the dependent 
variables are given in the first column of Table 4. 
Statistically, the distributions for the independent 
variables are either discontinuous (discrete) or continuous. 
A factor would be considered as having a discontinuous dis­
tribution if the classes are few for a given factor and if 
there is no logical or theoretical order for arranging the 
classes within the factor. The factors having discontinuous 
distributions are farm, year, and sex of calf. Age of dam 
is also considered as having a discontinuous distribution, 
since it was measured to the nearest whole year. Age of 
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calf, inbreeding of calf and inbreeding of dam were con­
sidered continuous variables. Age of calf was measured in 
days and the inbreeding coefficients for the calves and dams 
were computed to the nearest whole percent. 
Various methods have been used in previous analyses to 
correct preweaning and weaning traits in beef calves for such 
independent factors as those listed above. To circumvent 
correcting for such factors as farm (location, herd, etc.) or 
breed the analyses are usually performed on a within location 
basis (Swiger et aj.., 1961, 1962) or on a within farm-breed 
basis (Brown, 1960). In such analyses the effects which 
might be attributable to these factors are left unanalyzed. 
If the variances are homogeneous within the different factors 
the "within-factor analyses" can be pooled for an overall 
analysis. 
The presence of unequal or disproportionate subclass 
frequencies in these data dictate that all the different 
levels of the eight independent factors be considered 
simultaneously when calculating the correction factors. The 
disproportionate subclass frequencies contribute to the con­
founding of different factors and thus may result in biased 
estimates made directly from the class or subclass totals. 
The method of analysis chosen for this study was that of 
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least squares. The principle of least squares is that of 
minimizing the sum of squared errors. The computational pro­
cedure utilized in carrying out this principle is termed the 
method of least squares. The basic principles for this type 
of analysis are given in a theorem by Markoff and are as 
described by Kempthorne (1952, pages 32-35). 
The analysis of any set of data requires the formulation 
of certain hypotheses concerning the relation of the material 
being studied. The formulation of these hypotheses consti­
tute the postulation of a prediction equation or mathematical 
model and requires considerable a priori knowledge of the 
relations in the material being studied. 
Following the principle outlined by the Markoff Theorem 
each dependent variable, say y where a = 1 to n, is dis­
tributed with constant variance and uncorrelated errors 
around a linear function, say P^t.Pi + PQ^p2 + ... + 3a Ps" 
The p are known coefficients and the p^ are unknown con-aj_ di­
stants. Thus the prediction equation or mathematical model 
has the form y = Z p^ + e . The estimates of the unknown 
oc 1 a 
constants pj_ are those values which minimize the sum of 
squares or the sum of squared errors of the prediction 
equation 
Q = Ee/ = 
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The methods of obtaining estimates for the unknown constants 
and the statistical properties associated with these estimates 
has been defined, discussed and outlined by Kempthorne 
(1952), Harvey (1960) and Graybill (1961). 
The term "least squares analysis" has of late somehow 
obtained a unique position as the type of analysis to be used 
when disproportionate subclass numbered data are to be 
analyzed. However, it must be realized that the method of 
least squares has in the past been used without the label of 
least squares. The covariance analysis of multiple clas­
sification tables with unequal subclass numbers (Hazel, 
1946) and the general linear hypothesis with multiple 
classifications are two examples in which the method of 
least squares was utilized. Lush (1961) used the analysis 
by Hazel (1946) in showing the relationship between the 
multiple regression analysis and the analysis for fitting 
of constants (least squares analysis). 
The unadjusted means and standard deviations for the 
six traits are given in Table 4. 
The model used to describe the dependent variables was 
as follows on the farms where creep feeding was practiced: 
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Table 4. Means and standard deviations for unadjusted data 
Dependent variable Creep^ Non-'creepb 
Standard Standard 
Mean deviation Mean deviation 
First weight 227 49 239 56 
Weaning weight 397 71 364 70 
Second gain 169 40 125 34 
First daily gain 1.51 0.34 1.49 0.38 
Weaning daily gain 1.61 0.29 1.41 0.29 
Second daily gain 1.71 0.37 1.31 0.36 
^Records for 456 (Albia and Ankeny) calves. 
^Records for 384 (Chariton and Lineville) calves. 
Yijklm = % + fi + bj + Ak + + 
(^^ Ijklm " ) + ^ ijklm* 
A similar model was employed for the farms where no 
creep feed was given, except that constants d and c were not 
fitted for the effect of inbreeding of dam and calf. In the 
models : 
Yijkixn = t:he observation on the m^^ calf from the 1^^ 
age of dam, k^^ sex, breed and i^^ farm-year combination 
for a particular dependent variable. 
a = li - dD - cC 
p = the overall mean in the completely balanced case 
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= the effect of the 1^^ farm-year combination 
bj = the effect of the breed 
= the effect of the sex 
m^^ = the effect of the age of dam 
d = the partial regression of the dependent variable on 
inbreeding of dam 
^ijklm ~ inbreeding of the particular dam, in percent 
D = the overall mean of inbreeding of dams 
c = the partial regression of the dependent variable on 
inbreeding of calf 
Cijkim ~ the inbreeding of the particular calf, in 
percent 
C = the overall mean of inbreeding of calves 
a = the partial regression of the dependent variable on 
calf age at first (100-day) weight expressed as a deviation 
from the farm-year mean age of calves at first (100-day) 
weight 
Aijkim ~ the age of the particular calf, in days 
= the farm-year mean age of calves at first 
weight, in days, and 
^ijklm ~ ^ random, independent error associated with the 
particular observation. 
The distributions of the creep and non-creep records were 
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given in Tables 2 and 3. In both creep and non-creep records 
two farms and three years were represented. Similarly, two 
breeds and two sexes were also represented. Preliminary 
observation of the dependent variables and small numbers of 
records in which the dam was 9 years or older indicated that 
these records should be consolidated into two age-of-dam 
classifications, 9-11 and 12 plus. 
There were 23 least-squares equations with six right 
hand sides (one for each dependent variable) in the creep 
records, resulting from the six farm-year combinations, the 
two breeds, the two sexes, the nine age-of-dam classifica­
tions, the three regressions and a. Likewise, there were 21 
least-squares equations with six right hand sides for the 
non-creep records since regressions for inbreeding of calf 
and inbreeding of dam were not included. 
In both creep and non-creep records four dependencies 
were present in the least-squares equations. In both sets 
of least-squares equations the six farm-year, the two breed, 
the two sex and the nine age-of-dam equations sum to either 
the a equation in the creep records or the [i equations in the 
non-creep records. Thus, the matrices are singular and 
therefore do not have an inverse. As indicated by Kempthorne 
(1952) they are said to represent a hypothesis not of full 
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rank. Unique solutions from the original least-squares 
equations can only be obtained by imposing conditions on the 
constants being estimated. The conditions imposed on the 
parameters or constants are called restrictions or constraints. 
As indicated by Harvey (1960) an infinite number of restric­
tions or constraints may be imposed on the singular matricies, 
from a mathematical viewpoint, to give non-singular matricies 
which do have inverses. Kempthorne (1952) and Harvey (1960) 
have discussed the restrictions most commonly used. Kemp­
thorne (1952) discussed three methods: (1) sum of the 
effects of constants equal to zero (za^ = 0), (2) re-
i 
parameterization and (3) augmentation. Harvey (1960) has 
discussed the two most common restrictions used in the analysis 
of animal science data. These restrictions are; (1) the sum 
for a set of constants equal to zero (za. = 0) and (2) assume 
i ^ 
one of the effects for a set of constants, say a^ equals 
zero. In all restrictions those discussed by Kempthorne 
(1952) and Harvey (1960), the symmetry of the reduced normal 
equations is maintained. 
When the restrictions that zf^ = Zb- = Zs, = Zm^ = 0 
i ^ j : k ^  1 ^ 
were applied to the original least-squares equations, 23 
equations for the creep and 21 equations for the non-creep 
records, there were 19 independent reduced least-squares 
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equations for the creep records and 17 independent reduced 
least-squares equations for the non-creep records. 
The program used in obtaining the estimates of the con­
stants of parameters was a general linear hypothesis program 
developed by personnel of the Computation Center at Iowa 
State University. The program is adaptable for most regres­
sion analyses being especially suited for the usual multiple 
regression analysis. The program is adaptable to either 
single-precision or double-precision operation. In the 
single-precision operation eight significant decimals are 
carried. This precision is adequate if the elements of the 
reduced normal equations are of relatively small sizes, as 
they were in this analysis. However, Urban (1963) indicated 
that, with single-precision operation where the elements of 
the reduced normal equations varied considerably in size (in 
his case from 0 to 10^^), an inverse could be obtained which 
was not the true inverse. He termed this a "left-sided" 
inverse. In his analysis the large elements in the reduced 
normal equations were in the age and age squared rows and 
columns. Thus, in the present analysis it was felt that, 
since the regression of dependent variables was on the 
deviation of first age from the mean farm-year age, little 
rounding would be encountered with a single-precision program. 
43 
The program used gave the estimates for the unknown 
constants and for the regressions as well as the standard 
errors for these estimates or regressions. 
The estimates and their standard errors for each of the 
independent variables are given in Tables 5 and 6 for the 
creep and non-creep records, respectively. In the re­
strictions the last farm-year, breed, sex and age-of-dam 
classification was subtracted from each of the other levels 
within the respective factors. Thus, the last farm-year, 
breed, sex, and age-of-dam constant is equal to the negative 
sum of the remaining constants within each factor. In a 
similar manner, the standard errors for these constants were 
obtained from the square root of the product of linear 
functions of the variances and covariances of the other fac­
tors and the remainder mean square from the analysis of 
variance. 
From the relation a = n - dD - cC the factors for |j were 
calculated for Table 5. In this case the standard error 
for the different p. were obtained utilizing the variances 
and covariances for the linear function ^ = a + dD + cC 
and the remainder mean square from the analysis of 
variance. Thus the standard error would be equal to 
or [(C&G + + 2DC°^^ + 2CC°-^ + 
2DCC^^) (o^E)]^/^ where a^E = remainder mean square, 
Table 5. Estimates and standard errors for the creep records 
First 
First Weaning daily Weaning Second 
No. weight weight Second gain gain daily gain daily gain 
oc 456 236.2 + 2.4 414.1 + 3.9 177.9 + 2.7 1.62 + .02 1 .71 ± .02 1.80 + .03 
u 456 232.5 + 4.1 406.1 + 6.7 173.7 ± 4.6 1.58 ± .04 1 .67 + .03 1.74 + .05 
Farm-Year 
Albia 59 59 24.2 3.7 49.8 6.1 25.6 4.2 .19 .04 .22 .03 .26 .04 
Albia 60 80 5.7 3.3 -3.8 5.5 -9.5 3.7 -.03 .03 -.02 .03 .01 .04 
Albia 61 82 -14.5 3.3 14.9 5.5 29.4 3.7 -.09 .03 -.04 .03 .01 .04 
Ankeny 59 63 -5.0 3.6 -24.2 6.0 -19.2 4.1 .03 .03 — .06 .03 -.17 .04 
Ankeny 60 78 -8.0 3.4 -39.0 5.6 -31.1 3.8 -.05 .03 -.05 .03 -.06 .04 
Ankeny 61 94 -2.4 3.1 2.3 5.2 4.8 3.5 -.05 .03 -.05 .03 -.05 .04 
Breed 
Angus 105 3.2 2.0 14.0 3.3 10.7 2.3 .08 .02 .09 .02 .09 .02 
Hereford 351 -3.2 2.0 -14,0 3.3 -10.7 2.3 -. 08 .02 -.09 .02 -.09 .02 
Sex 
Bull 213 6.7 1.4 14.3 2.4 7.6 1.6 .07 .01 .07 .01 .08 .02 
Heifer 243 -6.7 1.4 -14.3 2.4 -7.6 1.6 -.07 .01 -.07 .01 -.08 .02 
Age of dam 
2 71 -31.4 3.7 -37.5 6.1 -6.1 4.1 -.33 .04 .19 .03 -. 06 .04 
3 83 -4.4 3.3 -2.0 5.5 2.4 3.8 -.04 .03 .00 .03 .04 .04 
4 75 6.4 3.5 11.1 5.8 4.7 3.9 .07 .03 .06 .03 .04 .04 
5 61 7.4 3.8 11.9 6.3 4.5 4.3 .07 .04 .06 .03 .05 .04 
Table 5 (Continued) 
First 
First Weaning daily Weaning Second 
No. weight weight Second gain gain daily gain daily gain 
6 52 5. 4 4.0 15. 6 6.6 10. 2 4.5 .06 .04 .07 .03 .09 .05 
7 36 6. 1 4.8 8. 5 7.9 2. 4 5.3 .04 .05 .04 .04 .01 ,05 
8 26 8. 0 5.5 7. 7 9.1 -0. 3 6.2 .09 .05 .05 .04 .02 .06 
9-11 39 5. 1 4.7 12. 5 7.7 7. 4 5.3 .06 .05 .06 .04 .06 .05 
12+ 13 -2. 6 7.6 -•27. 8 12.6 - 25 .  2 8.6 -.02 .07 -.15 .06 -.25 .08 
Reg on age 1. 453 1. 600 147 -.251x10-3 .16x10-4 .13x10'^ 
of calf + . 07 + . 11 + . 08 +.67x10"^ +.56x10-3 +.77x10-3 
Reg on Fx of 346x10-5 832x10-1 832x10-1 -.123x10-3 -.180x10-3 -.267x10" 
dam 
± .  
13 
± .  
21 
± .  
14 +.12x10-2 +.10x10-2 +.14x10-2 
Reg on Fx of 776 -1. 781 -1. 005 -.730x10-2 -.895x10-2 -.105x10-
calf ± -17 ±  •  28 ± .  19 +.17x10-2 +.14x10-2 +.19x10-2 
Table 6. Estimates and standard errors for the non-creep records 
First 
First Weaning daily Weaning Second 
No. weight weight Second gain gain daily gain daily gain 
384 239.0 + 2.4 368.5 + 3.4 129.5 + 2.0 1.50 + .02 1.44 + .02 1.37 + .02 
Farm-Year 
Chariton 59 100 -27.7 4.9 -33.0 6.9 -5.3 4.0 -.12 .04 -.12 .03 -.10 .04 
Chariton 60 68 -21.0 5.0 -19.8 7.1 1.2 4.1 -.17 .04 -.05 .03 .09 .04 
Chariton 61 82 10.1 4.8 -7.2 6.8 -17.3 3.9 .04 .04 -.08 .03 -.23 .04 
Lineville 59 31 2.9 6.8 30.2 9.6 27.3 5.5 .08 .06 .15 .04 .23 .06 
Lineville 60 41 3.2 5.7 -0.2 8.0 -3.4 4.6 -.02 .05 . 06 .04 .14 .05 
Lineville 61 62 32.5 4.9 30.0 6.9 -2.5 4.0 .19 .04 .04 .03 -.13 .04 
Breed 
Angus 126 4.1 2.4 9.3 3.4 5.2 2.0 .08 .02 .07 .02 .05 .02 
Hereford 258 -4.1 2.4 -9.3 3.4 -5.2 2.0 -. 08 .02 -.07 .02 -.05 .02 
Sex 
Bull 202 9.6 2.0 15.1 2.8 5.5 1.6 .08 .02 .07 .01 .06 .02 
Heifer 182 -9.6 2.0 -15.1 2.8 -5.5 1.6 -.08 .02 -.07 .01 -.06 .02 
Age of dam 
2 34 -28.7 6.8 -51.7 9.6 -23.1 5.6 -.27 . 06 -.26 .04 -.23 .06 
3 29 -25.0 6.9 -30.2 9.7 -5.2 5.6 -.20 .06 -.13 .05 -. 05 .06 
4 23 -3.8 7.6 -3.1 10.8 0.6 6.2 -.04 .07 -.02 .05 .01 .06 
5 24 -2.6 7.4 5.4 10.5 8.0 6.0 -.03 . 06 .03 .05 .08 . 06 
6 70 12.1 5.5 11.5 7.7 -0.6 4.5 .11 .05 .06 .04 -.004 .05 
Table 6 (Continued) 
First 
First Weaning daily Weaning Second 
No. weight weight Second gain gain daily gain daily gain 
7 65 7.7 5.8 11.9 8.1 4.2 4.7 .08 .05 .06 .04 .04 .05 
8 62 12.7 5.6 24.9 7.9 12.2 4.6 .12 .05 .12 .04 .12 .05 
9-11 26 12.8 7.1 16.3 10.0 3.5 5.8 .12 .06 .08 .05 .04 .06 
12+ 51 14.8 6.2 15.0 8.8 0.4 5.1 .11 .05 .06 .04 -.01 .05 
Reg on age 1.518 1.303 -.215 -.Il4xl0~^ -.595x10"^ -.226x10"^ 
of calf +.10 +.14 +.08 +.87x10" +.67x10" +.85x10" 
48 
equals the variance, equals the covariance from the 
inverse matrix and D and C equal the mean inbreeding of the 
dams and calves, respectively. 
Tests of significance and confidence intervals may be 
computed for estimates of the independent variables if the 
errors associated with the mathematical model are normally 
distributed, have an expectation of zero, are uncorrelated 
and have a common variance. 
Two general methods are available for calculating the 
sum of squares of a given dependent variable that is due to a 
given set of estimates of the independent variables. Harvey 
(1960) obtained the sum of squares for a given set of esti­
mates by b' Z"^ b where b' = a row vector of the estimates 
for a given set of independent variables 
Z"^ = the inverse segment of the inverse of the variance-
covariance matrix corresponding, by row and column, to the 
respective set of estimates for the independent variables 
and b = a column vector of the estimates for a given set of 
independent variables. 
Kempthorne (1952) obtained the sum of squares of a given 
dependent variable for a given set of estimates of inde­
pendent variables by differences. Thus, the sum of squares 
for any of the six dependent variables associated with a given 
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set of independent variables, say for example farm-year, 
would be: R[farm-year] = R[all independent variables] -
R[all independent variables ignoring farm-year]. In this 
notation R[ ] denoted the reduction in the sum of squares 
of the dependent variable due to fitting of constants (eg. 
sum of the product of estimates of independent variables and 
the respective sum of dependent variable associated with the 
independent variable) which are included in the brackets. The 
sum of squares thus obtained, say for farm-year, may be 
called the "additional" reduction due to farm-year above and 
beyond the reduction obtained through correlated effects 
with other sets of independent variables. In these data only 
the additional reduction due to a set of independent variables 
was desired and this will be referred to as the sum of 
squares for the particular set of independent variables. 
The method presented by Kempthorne (1952) was used in 
obtaining the sum of squares of the dependent variables due 
to the different set(s) of independent variables or factors. 
Thus, with the creep records eight different "runs" were 
required to construct the analysis of variance for inde­
pendent variables given in Table 7. Likewise, six "runs" 
were required to construct the analysis of variance given in 
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Table 8 for the independent variables for the non-creep rec­
ords . 
The methods of obtaining the sum of squares presented by 
Kempthorne (1952) and Harvey (1960) give the same results 
with the exception of rounding errors involved in the calcu­
lations . 
In the creep records the reductions due to farm-year and 
sex effects and due to linear regression on inbreeding of 
calf were highly significant for all six dependent variables. 
The reduction due to breed effects was highly significant 
for all dependent variables except 100-day weight. The 
reduction due to age-of-dam effects was highly significant 
for all dependent variables except second gain and second 
daily gain. The reduction for second gain was significant 
at the 5 percent level and the reduction for second daily 
gain was non-significant. The reduction due to linear regres­
sion on first age, expressed as a deviation from the farm-
year mean first age, was highly significant for only 100-day 
weight and weaning (205-day) weight. The reduction was non­
significant for the remaining four dependent variables. The 
reduction due to linear regression on inbreeding of dam was 
non-significant for all of the six dependent variables. In 
view of the small proportion of inbred cows and the rela­
tively low inbreeding, this is not surprising. 
In the non-creep records the reduction due to farm-year, 
Table 7. Analysis of variance of independent variables for creep records 
Mean squares 
Degrees First Weaning Second 
of First Weaning Second daily daily daily 
Source freedom weight weight gain gain gain gain 
Farm-Year 5 11022** 49238** 33954** 0. 653** 0. 653** 0. 980** 
Breed 1 2274 42329** 24980** 1. 418** 1. 693** 1. 827** 
Sex 1 19294** 88272** 25027** 1. 893** 2. 185** 2. 598** 
Age-of-dam 8 9279** 16955** 2317* 1. 004** 0. 429** 0. 219 
Linear regression 
on first age 1 399787** 484787** 4093 0. 012 0. 000 0. 332 
Linear regression on 
dams' inbreeding 1 0 374 373 0. 001 0. 002 0. 000 
Linear regression on 
calf's inbreeding 1 18115** 95455** 30404** 1. 604** 2. 411** 3. 363** 
Residual 437 878 2399 1113 0. 085 0. 059 0. 113 
Total 455 2420 5118 1638 0. ,119 0. 087 0. 140 
R2 0.651 0.550 0.347 0. ,313 0. 333 0. ,222 
*P < .05. 
<  . 01 .  
Table 8. Analysis of variance of independent variables for non-creep records 
Mean squares 
Degrees First Weaning Second 
of First Weaning Second daily daily daily 
Source freedom weight weight gain gain gain gain 
Farm-Year 5 26205** 30910** 6591** 0.874** 0.379** 1.024** 
Breed 1 4208 21446** 6654** 1.612** 1.211** 0.666* 
Sex 1 34167** 84554** 11223** 2.557** 1.834** 1.229** 
Age-of-dam 8 9119** 19956** 3006** 0.709** 0.459** 0.307** 
Linear regression 
on first age 1 333127** 245378** 6694** 0.002 0.051 0.742** 
Residual 367 1423 2836 948 0.109 0.064 0.103 
Total 383 3163 4878 , 1135 0.142 0.087 0.134 
0.569 0.443 0.200 0.269 0 . 2 8 7  0.259 
< .05. 
**P < .01. 
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sex and age-of-dam effects was highly significant for all 
six dependent variables. The reduction due to breed was 
highly significant for all dependent variables except 100-day 
weight and second daily gain. The reduction for second daily 
gain was significant at the 5 percent level whereas the 
reduction due to 100-day weight was non-significant. The 
reduction for the linear regression on first age, ex­
pressed as a deviation from the farm-year mean first age, was 
highly significant for all dependent variables except first 
daily gain and weaning daily gain. For these two dependent 
variables the reduction was non-significant. 
The procedure for correcting the original observations 
of the dependent variable is to subtract from the observation 
of the dependent variable the constant for the discontinuous 
independent variables or the regression in the case of con­
tinuous independent variables. Thus, the general formula for 
a corrected observation of the dependent variable is of the 
form corrected Y' = Y - E b^Xj_. Thus, the constants given in 
Table 5 in the case of the creep records, and in Table 6 for 
the non-creep records, were used in adjusting the original 
data before the next step of the analysis. 
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Analysis of Maternal Abilities 
Repeatabilities 
After correcting the records, those for each management 
regime were pooled, and an analysis conducted to obtain 
estimates of the "among dam" and "within dam" mean square for 
each of the two systems. The primary purpose of this analysis 
was to determine whether maternal abilities were expressed 
differently under creep feeding conditions, as compared with 
conditions where no supplementary feed is provided the calves. 
The interpretation of the analysis in terms of variance 
O 
components is given in Table 9, where a W represents the 
variance among calves having the same dam (corrected for fixed 
effects), and a D represents the extra variance expected for 
calves having different dams. In Table 9, d is the number of 
dams, n_ the total number of calves, and k the "average" 
number of calves per dam, computed by the formula 
2 
k = Uni n - — 
n d - 1 
The number of degrees of freedom utilized in correcting 
the dependent variables for the fixed effects were 18 and 16 
for the creep and non-creep records, respectively. In the 
creep records the 18 degrees of freedom utilized in correcting 
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Table 9. Symbolic form of the analysis for differences among 
and within dams 
Source of Degrees Sums of Mean Expected 
variation of squares Squares mean squares 
freedom 
Among dams d - 1 (d-1) D D a^W + ka^D 
Within dams n - d (n -d) W W a^W 
the data consisted of five for farm-year, one for breed, one 
for sex, eight for age of dam, one for age of calf, one for 
inbreeding of calf and one for inbreeding of dam. Since in­
breeding was not encountered in the non-creep data the 
degrees of freedom associated with the fixed effects amounted 
to 16. 
The results of the analyses described above are pre­
sented in Table 10 for the creep fed calves and in Table 11 
for the non-creep calves. The values of k for the two tables 
are 1.96 and 1.85, respectively. The distribution of the 
degrees of freedom utilized in correcting the data in such 
experiments is not entirely clear. In similar analyses, the 
practice has varied from ignoring completely the degrees of 
freedom utilized for correction (Rollins and Guilbert, 1954; 
Swiger, 1960) to deducting all of them from the "within" 
Table 10. Mean squares and repeatability estimates with standard errors for creep 
records 
Mean squares 
Degrees First Weaning Second 
Source of of First Weaning Second daily daily daily 
variation freedom^ weight weight . gain . gain gain gain 
Among dams 219 1209.15 3423.36 1372.74 0.1170 0.0846 0.1394 
Within dams 218 546.27 1370.13 852.04 0.0534 0.0331 0.0869 
Repeatability 0.382 0.433 0.237 0.378 0.442 0.235 
Standard error +0.059 +0.056 +0.065 +0.059 +0.055 +0.065 
^Among dams degrees of freedom reduced by 12 and the within dams degrees of 
freedom reduced by 6. 
Table 11. Mean squares and repeatability estimates with standard errors for non-
creep records 
Mean squares 
Degrees First Weaning Second 
Source of of First Weaning Second daily daily daily 
variation freedom^ weight weight gain gain gain gain 
Among dams 195 2057.74 3940.80 1062.59 0.1550 0.0930 0.1154 
Within dams 172 708.26 1586.87 815.08 0.0564 0.0355 0.0900 
Repeatability 0.507 0.444 0.141 0.485 0.454 0.132 
Standard error +0.057 +0.062 +0.077 +0.059 +0.061 +0.078 
^Among dams degrees of freedom reduced by 11 and the within dams degrees of 
freedom reduced by 5. 
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classification (Sidwell and Grandstaff, 1949). The bias 
results from the fact that the dependent variables are 
distributed irregularly among the independent variables as 
pointed out by Henderson (1953). 
The appropriate allotment of degrees of freedom can be 
determined rather closely by examining the structure of the 
data as shown in Tables 2 and 3. For example, the cows re­
mained on the same farm over all years in which they were 
present in this experiment. However, all cows were not 
represented in every year, there being a normal complement of 
young and old cows entering and leaving the herds (about 20 
percent per year). In addition, some cows would not be 
represented because they failed to have calves or their 
calves died before weaning. Most of the cows were repre­
sented in at least two years since the k values for the two 
sets of data were 1.96 and 1.85. 
Thus, the degrees of freedom associated with such items 
as farm-year, breed and inbreeding of dam were deducted from 
the among dam degrees of freedom. This was reasoned as being 
approximately correct since each cow in these data was 
permanently assigned to a particular farm, was a member of 
the same breed and had a constant level of inbreeding. The 
degrees of freedom associated with inbreeding of calf was 
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deducted from the within dam degrees of freedom. However, 
the situation is not as clear for such items as sex of calf, 
age of dam and age of calf. Therefore, the 10 degrees of 
freedom associated with these constants were split equally 
between the among dam and the within dam degrees of freedom. 
Hence, in the creep records (Table 10) the among dam degrees 
of freedom were reduced by 12 and the within dam degrees of 
freedom reduced by 6. Likewise, in the non-creep records 
(Table 11) the among dam and within dam degrees of freedom 
were reduced by 11 and 5, respectively. 
The standard errors for the repeatability estimates 
given in Tables 10 and 11 were calculated utilizing the 
formula, 
(1-t) [1 + (k-l)t] 
[l/2k(k-l)(d-l)]l/2 
as presented by Fisher (1950). Here t is the intraclass 
correlation or repeatability and k and d are as defined 
previously. Fisher (1950) indicated that the formula was 
subject to quite drastic limitations. The range of the 
intraclass correlation is from +1 to — -—with equal (k-1) 
numbers in the subclasses, whereas the interclass correla­
tion has a range of + 1 to - 1. The correct use of the 
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formula is based on several assumptions: (1) only two 
sources of variation are considered, e.g. among and within 
dams, (2) an equal number of progeny per dam, and (3) 
normally and independently distributed variables. With the 
above criterion the distribution of the intraclass correla­
tion is distinctly skewed with high and low values. If the 
number of progeny per dam is not constant and the average 
number of progeny per dam is used, as in these data, the 
formula becomes less accurate. 
Another method which may be utilized in estimating the 
standard errors of the intraclass correlation, with equal 
frequencies and normally and independently distributed 
errors, is given by Kempthorne (1957). The method deals 
with the variance of a ratio. In general notation the 
variance of a ratio, say Q = ^ , is given by 
V(o) = YOU _ 2X Cov(X,Y) ^  X^V(Y) 
2 3 4 
Y Y Y 
where V( ) and Cov( ) represent the variance and covariance, 
respectively. Urban (1963) has shown, when d is large such 
that terms like d-1 and d+k approach d, that the methods 
of Fisher (1950) and Kempthorne (1957) yield the formula 
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- Zk^D^W^ 1 k , where Y = D + 
d k-1 
(k-l)W. 
Components of covariance 
The components of covariance analysis as outlined by 
Kempthorne (1957) was utilized to obtain correlations between 
different combinations of the adjusted preweaning and weaning 
variables. In the covariance analysis two of the observa­
tions for each progeny, say y and z which might for example 
be 100-day weight and weaning weight, are utilized in forming 
a compound character, u = y+z. The compound character, u = 
y+z, may then be analyzed utilizing the symbolism for the 
expectation of mean squares as given in Table 12. The 
variance of the compound character u = y+z is V(y+z) = 
V(y) + V(z) + 2 Cov(y, z). With the two way analysis, e.g. 
"among" and "within" dams, the symbolism would be 
2 2 2 
a h(y+z) = a hy + a hz + 2&hyz 
where 
a h(y+z) is the component of variance for y+z attribu­
table to the source of variation h 
2 
a hy is the component of variance for y attributable to 
the source of variation h 
Table 12. Expectations of the analysis of variance and covariance 
Expected 
Degrees 
of Mean squares Mean products Mean Mean 
Source freedom y z u=(y+z) (y) x (z) squares products 
2 2 Among dams d-1 Dy Dz Du Dyz=l/2(Du-Dy-Dz) a + ka D^j^ + kaD^j 
Within dams n. - d Wy Wz Wu Wyz=l/2(Wu-Wy-Wz) a^W-• aW. . 11 ij 
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2 
a hz is the component of variance for z attributable to 
the source of variation h 
and ahyz is the component of covariance for y and z attribu­
table to the source of variation h. 
The estimate of ahyz may be obtained from the equality 
g^hCv+z) - CT^hv - cT^hz = ^hyz 
2 
where the three variance components estimates being used were 
obtained by equating observed mean squares and expected mean 
squares as given in Tables 9 and 12. 
Thus, 
2 2 E(Du) = a wu + ka du 
? ? E(Dy) = a wy + ka dy 
E(Dz) = a^wx + ka^dy 
2 E(Wu) = o wu 
E(Wy) = a^wy 
E(Wz) = a^wz . 
Then, 
E(Dyz) = E[1/2(DU - Dy - Dz)] 
= 1/2E[DU - Dy - Dz] 
= l/2[(a^wu + ka^du) - (a^wy + ka^dy) -
(a^wz + ka^dz)] 
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= 1/2 (a^wu - a^wy - ct^wz) + l/2k (o^du - cr^dy -
CT^dz) 
and E(Wyz) = E[l/2(Wu - Wy « Wz)] 
= l/2E[Wu - Wy - Wz] 
= l/2(cr^wu - o^wy - cr^wz). 
Since u = y + z 
E(Dyz) = awyz + kadyz 
E(Wyz) = CTwyz. 
Hence, by equating the mean squares to expected mean squares 
and mean products to expected mean products in Table 12 the 
following estimates may be obtained: 
a^dy = i (Dy - Wy) 
a^dz = JL (Dz - Wz) 
k 
adyz = 1 (Dyz - Wyz) 
k 
9 a wy = Wy 
CT^WZ = Wz 
awyz = Wyz. 
The "within dam" correlation for traits y and z is estimated 
by — ' and the estimate of the "among dam" cor-
(Z L \ L / Z a wy a wz) 
relation for traits y and z is —-—. 
(CT dy CT dz) 
Kempthorne (1957) also gives the formula for what 
amounts to the "observed" correlation between dam means for 
traits y and z. In the present symbolism this formula is 
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Dvz 
(DyDz)^/^ 
~ (gwvz + kg dvz) 
2 2 2 2 1/2 [(a wy + ka dy) (a wz + kg dz)] 
where ~ denotes "a consistent estimate of". 
Rollins and Guilbert (1954) utilized the formula 
(gwvz + gdyz) 
2 2 2 2 1/2 [(g wy + g dy) (g wz + g dz)] 
in calculating the correlation for traits y and z. This was 
referred to as the "among dam" correlation for traits y and z 
based on a single record. This correlation shall be referred 
to as the phenotypic correlation in these data. 
The phenotypic, among dam and within dam estimates of 
the variance components of the preweaning and weaning records 
for the creep and non-creep calves are given in Tables 13 and 
14, respectively. These components were calculated by 
equating mean squares to expected mean squares as shown in 
Table 12. The among dam and within dam degrees of freedom 
were adjusted as previously discussed (Tables 10 and 11). 
The phenotypic variance and the phenotypic covariance com­
ponents are the sum of the among dam and the within dam 
Table 13. Phenotypic, among dam and within dam variance and covariance components 
for creep records 
Source FW" 
Variance components 
WW SG FDG WDG SDG 
D 
W 
P 
337.51 
546.27 
883.78 
1045.43 
1370.13 
2415.56 
265.12 
852.04 
1117.16 
0.0324 
0.0534 
0.0858 
0.0262 
0.0331 
0.0593 
0.0267 
0.0869 
0.1136 
Source FW:FDG FW:WW 
Covariance Components 
FW:WDG FW;SG FW:SDG FDG:WW FDG:WDG FDG:SG 
D D 
W W 
P P 
3.25 
5.07 
8.32 
559.68 
531.41 
1091.09 
2.76 
2.45 
5.21 
223.67 
-16.35 
207.32 
2.23 5.23 
•0.17 5.20 
2.06 10.43 
0.0263 
0.0265 
0.0528 
1.97 
0 .10  
2.07 
FDG;SDG WW:WDG WW;SG WW:SDG WDG:SG WDG:SDG SG:SDG 
0.0199 
0.0017 
0.0216 
5.16 
6.55 
11.71 
487.43 
835.88 
1323.31 
4.85 
8.30 
13.15 
2.43 
4.04 
6.47 
0.0246 
0.0418 
0.0664 
2.63 
8.44 
11.07 
^Preweaning and weaning traits are identified by appreviations: 
FW = First (100-day) weight FDG = First daily gain 
WW = Weaning (205-day) weight WDG = Weaning daily gain 
SG = Gain from 100- to 205-day weight SDG = Second daily gain. 
Table 14. Phenotypic, among dam and within dam variance and covariance component 
for the non-creep data 
Variance components 
Source Fwa WW SG FDG WDG SDG 
D 728.14 1270.13 133.55 0.0532 0.0295 0.0137 
W 708.26 1586.87 815.08 0.0564 0.0355 0.0900 
P 2436.41 2857.00 948.63 0.1096 0.0650 0.1037 
Covariance components 
Source FW:FDG FW:WW FWtWDG FW:SG FW:SDG FDG:WW FDG: WDG FDG:SG 
D D 6.07 932.11 4.38 205.63 2.13 7.96 0.0387 1.90 
W W 6.04 738.91 3.30 30.14 0.23 6.18 0.0295 0.15 
P P 12.11 1671.02 7.68 235.77 2.36 14.14 0.0682 2.05 
FDG'.SDG WW;WDG WW:SG WWrSDG WDG:SG WDG:SDG SGtSDG 
0.0200 6.04 339.39 3.49 1.68 0.0174 1.35 
0.0014 7.36 845.94 8.76 4.05 0.0426 8.54 
0.0214 13.40 1185.33 12.25 5.73 0.0600 9.89 
^See footnote, Table 13. 
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components. The preweaning and weaning traits are identified 
by the abbreviations given in the Introduction, page 2. 
The three different kinds of correlations, phenotypic, 
among dam and within dam, between the six preweaning and 
weaning traits were calculated for the creep and non-creep 
records by using the variance and covariance components given 
in Tables 13 and 14. These correlations are listed in Tables 
15 and 16 for the creep and non-creep records, respectively. 
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Table 15. Phenotypic, among dam and within dam correlations 
for the creep preweaning and weaning records 
Among Within 
Contrast^ Phenotypic^ damf damf 
FW;WW 0.747 0.942 0.614 
FW:SG 0.209 0.748 -0.024 
FW:FDG 0.955 0.983 0.939 
FW:WDG 0.720 0.928 0.576 
FW:SDG 0.205 0.743 -0.025 
WW:SG 0.805 0.926 0.774 
WW:FDG 0.724 0.898 0.608 
WW:WDG 0.978 0.987 0.973 
WW:SDG 0.794 0.918 0.761 
SG:FDG 0.211 0.672 0.015 
SG:WDG 0.795 0.924 0.761 
SG:SDG 0.983 0.989 0.981 
FDG:WDG 0.740 0.904 0.631 
FDG:SDG 0.219 0.677 0.025 
WDG:SDG 0.809 0.932 0.780 
^See footnote, Table 13. 
^Correlations of 0.094 significant, P < .05; correla­
tions of 0.123 significant, P < .01. 
^Correlations of 0.133 significant, P < .05; correla­
tions of 0.174 significant, P < .01. 
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Table 16. Phenotypic, among dam and within dam correlations 
for the non-creep preweaning and weaning records 
Among Within 
Contrast^ Phenotypic^ damC dam^ 
FW;WW 0.825 0.969 0.697 
FW;SG 0.202 0.659 0.040 
FW:FDG 0.965 0.976 0.956 
FWtWDG 0.795 0.946 0.659 
FWtSDG 0.193 0.674 0.029 
WW:SG 0.720 0.824 0.744 
WW:FDG 0.799 0.968 0.653 
WW;WDG 0.983 0.987 0.981 
WW:SDG 0.712 0.837 0.733 
SG:FDG 0.201 0.714 0.022 
SG:WDG 0.730 0.848 0.753 
SG:SDG 0.997 0.997 0.998 
FDG:WDG 0.808 0.977 0.660 
FDGrSDG 0.201 0.741 0.020 
WDG:SDG 0.731 0.866 0.754 
^See footnote, Table 13. 
^Correlations of 0,103 significant, P < .05; correla­
tions of 0.135 significant, P < .01. 
^Correlations of 0.140 significant, P < .05; correla­
tions of 0.184 significant, P < .01. 
^Correlations of 0.150 significant, P < .05; correla­
tions of 0.196 significant, P < .01. 
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DISCUSSION 
Fixed Effects 
Supplemental feeding 
The questions of primary importance in this study deal 
with the manner in which expression of maternal ability may 
be changed when supplementary feed is provided the calves as 
contrasted with its expression when no supplementary feed is 
provided. Some information on this subject can be obtained by 
comparing the estimates of the fixed effects given in Tables 
5 and 6 for creep and non-creep calves. The weight and daily 
gain variables are based on almost the same records. They 
have high correlations because of the part-whole relationship. 
Only two of the most nearly independent variables need be 
examined to show the effect of supplemental feeding. The two 
chosen for this purpose are 100-day weight and second gain, 
which was obtained by subtracting the 100-day weight from 
the weaning (205-day) weight. 
These data are summarized again in Table 17. The age of 
dam effects for 5 through 8 year-old-cows were averaged be­
cause these cows are at the maximum level of production. The 
effects of younger and older age groups were expressed as 
deviations from the mature group. These differences 
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Table 17. Estimates of fixed effects for first weight and 
second gain for creep and non-creep calves 
First weight Second gain 
creep non-creep creep non-creep 
Mean 232.5 239.0 173.7 129.5 
Male-female 13.4 19.2 15.2 11.0 
Age of dam 
2 -38.1 -36.2 -10.3 -29.1 
3 -11.1 -32.5 -1.8 -11.2 
4 -0.3 -11.3 +0.5 -5.4 
Mature 0 0 0 0 
9-11 -1.6 5.3 3.2 -2.5 
12+ -9.3 7.3 -29.4 -5.6 
Age of calf 1.453 1.518 .147 -.215 
appear pertinent. The differences in the weights for creep 
and non-creep calves are relatively small at first weight. 
This is expected because creep feeding was not started until 
the first weights were taken. The non-creep calves were 
actually somewhat heavier on the average, and their regres­
sion of first weight on age was greater than for the creep 
fed calves. The effect of -32.5 for non-creep calves of 3-
year-old dams at first weight is surprisingly large as 
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compared with the -11.1 for creep fed calves. 
Although slightly lighter at first weight the creep fed 
calves gained almost 40 pounds more than the non-creep calves 
from then to weaning (approximately 100 days). The male-
female difference is now greater for the creep fed calves, 
suggesting that the males have greater opportunity to express 
their superior growing ability. Dam effects for the 2, 3 and 
4 year old cows have smaller negative values, indicating that 
calves from these cows are handicapped relatively less under 
creep feeding than they are when creep feeding is not 
practiced. 
Birth weight 
Standard birth weights of 60 and 70 pounds, respectively, 
were assigned the Angus and Hereford calves in order to study 
first daily gain and weaning daily gain because actual birth 
weights were not available. These values closely approximate 
the average values of the birth weights for these two breeds. 
In many of the centers where beef cattle performance 
data are summarized, birth weights of 60 and 70 pounds are 
assigned average Angus and average Hereford calves when the 
actual birth weights are not obtained. In many instances 
when actual birth weights are not obtained the calves are 
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classified at birth as large, medium or small. In such cases 
the estimated birth weights for the large and small calves 
for these two breeds would deviate from 5 pounds above to 5 
pounds below the average weights. 
The first and weaning daily gains could have been 
computed more accurately had age of dam and sex differences 
been taken into consideration. The use of these estimated 
birth weights probably resulted in an overestimation of the 
daily gains for calves from mature cows and an underestima­
tion of the daily gains for calves from the 2 and 3 year old 
dams. Likewise, the daily gains of the bull calves were 
probably overestimated somewhat whereas the daily gains of 
the heifer calves were probably underestimated. 
Dawson ^  aj_. (1947) observed that birth weight of calf 
tended to increase with age of dam until approximately six 
years after which there was no further effect. Koch and 
Clark (1955a) reported maximum birth weights in range Here­
ford cows which were 5 to 9 years of age. Swiger (1961) 
observed maximum birth weights in an Ohio Hereford herd from 
cows which were 6 to 10 years of age. 
In general, bull calves average about five pounds 
heavier at birth than heifer calves. Dawson _et aj.. (1947) 
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reported regressions of birth weight of calf on age of dam in 
months, to six years, of 0.23 and 0.20 pounds for bull and 
heifer calves, respectively. 
In the present data heifers were placed in the breeding 
pastures approximately three weeks later than the older cows. 
Thus, the calves from these 2-year old cows would be somewhat 
younger than the calves from older cows. These differences 
are shown in Table 18. The calves from 2 year old dams, 
including both creep and non-creep records, were an average 
of 95 days of age at the first (100-day) weight which was 15 
days lower than the average age of 110 days for all calves. 
Breed 
In the creep records the effect of breed was highly 
significant for all dependent traits except 100-day weight. 
In the non-creep records the effect of breed was highly 
significant for all dependent traits except 100-day weight, 
and second daily gain which gain was significant at the five 
percent level. 
The least squares estimates given in Tables 5 and 6 show 
the advantage of the Angus calves over the Hereford calves 
for all six dependent traits. The weight advantages for the 
Angus at weaning were 28.0 and 18.6 pounds for the creep and 
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Table 18. Distribution by age of dam and age at first weight 
of all uncorrected, creep and non-creep, records 
for first daily gain and weaning daily gain 
Number Age of calf at First Weaning 
Age of dam of first weight daily daily 
(years) calves (days) gain gain 
2 105 95 1.24 1.34 
3 112 114 1 . 4 2  1.50 
4 98 112 1.57 1.61 
5 85 113 1.57 1.62 
6 122 106 1.54 1.51 
7 101 118 1.47 1.50 
8 88 114 1.61 1.51 
9 27 110 1 . 5 8  1.55 
10 19 110 1.53 1.58 
11 19 106 1.43 1.43 
12 15 105 1.56 1.47 
13 8 99 1.59 1.55 
14 22 109 1.68 1.66 
15 11 131 1.68 1.65 
16 8 123 1.96 1.71 
.1 840 110 1.50 1.52 
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non-creep calves, respectively. These differences are some­
what smaller than the 33.0 and 30.0 pounds observed by 
Lehmann ^  al. (1961) at Virginia between Angus and Hereford 
calves at a weaning age of 203 days. 
The creep and non-creep Angus calves were 6.4 and 8.2 
pounds heavier than the Hereford calves at the 100-day weight. 
Similar values for the second gain records were 21.4 and 10.4 
pounds, respectively, for the creep and non-creep calves. 
The study by Martin ^  (1962), related to weight 
gains in dairy calves, showed that the Ayrshire, Brown Swiss, 
Holstein and Jersey calves had 8 week gain advantages of 13.9, 
13.3, 12.9 and 3.1 pounds, respectively, over the Guernsey 
calves. 
When the records of gains for both creep and non-creep 
calves were expressed on the basis of daily gains (first, 
weaning and second) the Angus appeared at still greater 
relative advantage (Tables 5 and 6). In the creep records 
the differences were 0.16, 0.18 and 0.18 pounds per day in 
favor of the Angus calves for first daily gain, weaning daily 
gain and second daily gain, respectively. Similar values 
for the three daily gains in the non-creep records were 0.16, 
0.14 and 0.10 pounds per day, respectively. These values 
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agree with the differences in weaning average daily gain 
between Angus and Hereford calves of 0.18 and 0.12 pounds per 
day observed by Lehmann et a^. (1961). 
Farm-year 
The farm-year effects were highly significant for all 
dependent variables in both creep and non-creep data. In the 
creep data the constants for farm-year effects ranged from 
-14.5 to 24.2 pounds for the 100-day weight. Similarly, in 
the non-creep records the range was from -27.7 to 32.5 pounds 
for the 100-day weight. 
Most reported studies have calculated constants for 
years and performed the analyses on a within farm or location 
basis. Brown (1960) observed year effects that ranged from 
-38.0 to 0.0 pounds for 120 day weights of non-creep Hereford 
calves. This is very similar to the 41.0 pounds range ob­
served by Neville (1962) in the 120-day weight of non-creep 
Hereford calves. Brown (1960) also studied the growth of two 
Angus herds, one in which the calves did not receive supple­
mental feed and one in which the calves did receive supple­
mental feed. In the non-creep Angus herd the year effect 
for the 120 day weights ranged from 0.0 to 25.0 pounds 
whereas in the creep Angus herd the year effects ranged from 
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0.0 to 67.0 pounds. The percentages of the total variance 
due to year effects were significant at the five percent 
level for the non-creep Hereford, negative for the non-creep 
Angus and significant at the one percent level for the creep 
Angus calves. 
Significant year effects on the weaning weight of beef 
calves were reported by Brown (1960), Burgess jet _al. (1954), 
Meade et al. (1961), Rollins and Guilbert (1954) and Rollins 
and Wagnon (1956a). Brown (1960) observed differences in 
year effects for 180 day weights as large as 62, 54, and 46 
pounds for the non-creep Hereford, non-creep Angus and creep 
Angus herds, respectively. Differences in year effects for 
the 240 day weights in these three herds were as large as 
87, 108, and 103 pounds, respectively. The range in year 
effects were from 0.0 to 122.0 pounds in non-creep fed 
Hereford calves (Rollins and Guilbert, 1954). 
Burgess _et a%. (1954) reported range in year effects 
from -24.1 to 19.8 pounds for 200 day weaning weights. The 
range in year effects reported by Meade^ (1961) were 
from -21.0 to 30.0 pounds. The range in year effects 
reported by Hamann et al. (1960) was somewhat lower for 240 
day weaning weight of creep Angus calves at -9.0 to 6.0 
80 
pounds. However the range in year effects reported by 
Neville (1962) was from -6.2 to 7.0 pounds. 
Rollins and Wagnon (1956a) studied the 240 day weaning 
weights of Hereford calves born during eleven years in which 
the dams were assigned to either an optimum or sub-optimum 
nutritional regime. The optimum regime cows received supple­
mental feed during the winter months and the sub-optimum cows 
did not receive supplemental feed. The year effects on 240 
day calf weight ranged from 0.0 to 84.0 pounds for calves 
from the optimum regime cows and from 0.0 to 107 pounds for 
calves from the sub-optimum regime cows. 
Rollins and Guilbert (1954) observed a range in year 
effects for the 120 day daily gain of range Hereford calves 
of 0.0 to 0.21 pounds per day which is somewhat smaller than 
the range from -0.09 to 0.19 observed for first daily gain 
to 100 days observed in this study. 
Sex 
The reduction in sum of squares due to sex was highly 
significant (P < .01) for all six dependent preweaning and 
weaning weights and gains in both creep and non-creep records. 
The least squares estimates presented in Table 5 shows that 
in the creep records the bulls were 13.4, 28.6 and 15.2 
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pounds heavier than the heifers for 100-day weight, weaning 
(205-day) weight and second gain. When these three traits 
were expressed as daily gains the bulls still showed ad­
vantages of 0.14, 0.14 and 0.16 pounds per day, respectively. 
The sex least squares constants given in Table 6 for the 
non-creep records were of the same magnitude as those for the 
creep records. In these records the bulls showed advantages 
of 19.2, 30.2 and 11.0 pounds for 100-day weight, weaning 
(205-day) weight and second gain. The bulls outgained the 
heifers by 0.16, 0.14 and 0.12 pounds per day to the 100-
day weight, to weaning and during the second period, 
respectively. 
The least squares estimates of 0.14 and 0.16 in the 
creep and non-creep records for advantages of bulls over 
heifers in daily gain to the 100-day weight are very 
similar to the least squares estimate of 0.13 found by 
Rollins and Guilbert (1954) in the average daily gain to 120 
days. However, the least squares estimates of 0.14 pounds 
per day advantage for bulls in both creep and non-creep 
weaning daily gain records are somewhat lower than the ad­
vantages reported by Flock ^  al. (1962). In those data the 
advantages for the Angus, Hereford and Shorthorn bull calves 
were 0.26, 0.29 and 0.23 pounds per day as compared with 
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heifer calves. 
A review of the literature indicates that most workers 
have used an additive correction factor for sex. The addi­
tive corrections may be either least squares constants or 
actual observed differences between sexes when all other 
classifications are disregarded. The information presented 
in Tables 19 and 20 show how these additive sex corrections 
vary with age of calf and "type" of sex. In these contrasts, 
B = bulls, S = steers, H = heifers and M = both bulls and 
steers. Thus, the contrasts represent the difference in the 
least squares estimates for these two sexes, unless otherwise 
indicated. The contrast (M - H) was used by the original 
workers when male calves are not classified as bulls or 
steers. This classification for sex may arise when analyzing 
data representing a number of years in which the management 
practice relative to time of castration has changed with 
time (Koch, 1951; Brown, 1960). 
The correct kind of contrast to use for the dairy calves 
(Martin e_t al. , 1962) was uncertain. Consequently, the 
(M - H) contrast was used. 
The (B - H) contrasts given in Table 19 for weaning 
weight indicate that in general the older the weaning age the 
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larger the sex difference between bulls and heifers. Like­
wise the (S - H) contrast shows advantages for steers at all 
ages of weaning. However, the weight advantages of steers 
over heifers at weaning, due in part to the variation in age 
of castration, does not show such a pronounced linear trend 
with age at weaning. The contrast (M - H) presented in 
Table 19 again shows the physiological advantage associated 
with the male sex. The presence of variable number of bulls 
and steers within each contrast coupled with varying ages of 
castration result in somewhat more variation among these 
contrasts than among the (B - H) contrasts. 
The sex effects on a few preweaning weights are pre­
sented by use of the (M - H) contrast in Table 20. These 
contrasts, even though they do have the variation in number 
of bulls and steers and ages of castration, are not as 
extreme in absolute size as those observed with calves at 
older ages. Again the trend associated with age of calf is 
demonstrated. 
The contrast (M - H) for the work by Martin e^ al. 
(1962) show that at 56 and 180 days the male minus female 
differences in dairy calves are as large or even larger than 
those observed in beef cattle. 
It must be realized that not all these contrasts are 
Table 19. Sex effects on weaning weights as reported in the literature 
Age at 
Effect weaning 
Breedb (pounds) Contrast^ (days) Location Author and date 
24 (B - H) 180 H Mont. Brinks et al. (1961) 
31 182 H Mont. Koch (1951) 
22 200 H Colo. Burgess _et a l .  (1954) 
41 203 A, H, S Va. Lehmann et al. (1961) 
29 205 H Mo. Rice _et (1954) 
22 210 H 111. Evans _et al. (1955) 
38 210 H Ga. McCormick _et al. (1956) 
39 210 H Mo. Lasley and Comfort (1960) 
68 240 H Calif. Rollins and Guilbert (1954) 
^Sex designation; B = bull, S = steer, M = bulls and steers, H = heifer. 
^Breed designation: A = Angus, H = Hereford, S = Shorthorn, Mixed = calves 
from English sires and cross bred dams, D = Dairy (Ayrshire, Brown Swiss, Guernsey, 
Holstein and Jersy) breeds. 
Table 19 (Continued) 
Effect 
(pounds) Contrast®-
Age at 
weaning 
(days) Breed* 
21 (S - H) 180 H 
12 182 H ' 
2 200 H 
6 203 A, H, 
26 205 H 
34 205 Mixed 
17 210 H 
40 238 A 
31^ 240 H 
18^ 240 H 
13 240 H 
^Progeny of optimum regime cows. 
^Progeny of sub-optimum regime cows. 
Location Author and date 
Mont. Brinks ^  al. (1961) 
Mont. Koch (1951) 
Colo. Burgess _et aj.. (1954) 
Va. Lehmann _et al. (1961) 
N. Mex. Koger and Knox (1945a) 
Florida Reynolds _et (1958) 
111. Evans ^  a^. (1955) 
Kansas Hamann _et aJL. (1960) 
Calif. Rollins and Wagnon (1956a) 
Calif. Rollins and Wagnon (1956a) 
Ga. Neville (1962) 
Table 19 (Continued) 
Effect 
(pounds) Contrast^ 
Age at 
weaning 
(days) Breed^ Location Author and date 
30 (M - H) 180 D lowa Martin ^  aX. (1962) 
26 180 H Mont. Koch and Clark (1955a) 
30 180 H Ark. Brown (1960) 
18 180 A Ark. Brown (i960) 
19 180 A Ark. Brown (I960) 
34 190 A, H S. Dak. Minyard and Dinkel (1960) 
25 200 H Colo. Stonaker (1958) 
30 205 H N. Mex. Koger and Knox (1947) 
32 205 B Florida Mead (1961) 
25® 210 A, H Okla. Botkin and Whatley (1953) 
38® 210 A, H Okla. Chambers _et aX. (1956) 
276 210 A, H Okla. Chambers et al. (1956) 
13 240 H Ga « Neville (1962) 
57 240 H Ark. Brown (1960) 
33 240 A Ark. Brown (I960) 
22 240 A Ark. Brown (I960) 
43® 260 A, H Okla. Furr _et (1959) 
^Actual sex differences, disregarding all other classifications. 
Table 20. Sex effect on preweaning weights as reported in the literature 
Effect 
(pounds) Contrast^ 
Age of 
calf 
(days) Breed^ Location Author and date 
6.2 (M - H) 56 D Iowa Martin _et (1962) 
11.0 60 H Ark. Brown (1960) 
8.0 60 A Ark. Brown (I960) 
9.0 60 A Ark. Brown (I960) 
18.OC 112 A, H Okla. Chambers et al. (1956) 
15.OC 112 A, H Okla. Chambers _et al. (1956) 
11.QC 112 A, H Okla. Chambers _et al. (1956) 
20.QC 112 A, H Okla. Chambers _et al. (1956) 
9.0 120 H Ga. Neville (1962) 
17.0 120 H Ark. Brown (1960) 
12.0 120 A Ark. Brown (I960) 
16.0 120 A . Ark. Brown (I960) 
^Sex designation: M = bulls and steers, H = heifer. 
^Breed designation: A = Angus, H = Hereford, D = Dairy (Ayrshire, Brown Swiss, 
Guernsey, Holstein and Jersey). 
^Actual differences disregarding all other classifications. 
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independent, as several of the authors reported on the same 
calves at different ages, e.g. Brown (1960). 
The studies by Brown (1960) and Neville (1962) show that 
the contribution of sex to the total sum of squares for pre-
weaning and weaning traits vary with age of calf and kind of 
sex. In the study by Brown (1960) in which very few steers 
were involved the sex effects were highly significant 
(P < .01) for 60, 120, 180 and 240 day weights for the one 
Hereford and the two Angus herds. In those data the percent­
age of variance associated with sex in the 240 day weights of 
the non-creep Hereford and Angus calves was approximately 
three times as large as the percentage associated with the 
three earlier preweaning weights. However, in the creep 
Angus calves the percentage of variance associated with sex 
remained essentially constant from the 60 day to the 240 day 
weight. However, in the study by Neville (1962) involving 
only steer calves the significance (P < .05) of sex was found 
only in the 240 day weights and gains from birth and not in 
the 120 day weights. 
Koch et aj^. (1959) used data from the Nebraska, South 
Dakota and Oklahoma stations in comparing the use of additive 
and multiplicative sex correction factors for birth weight 
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and preweaning daily gains. The variation among birth weights 
of bulls was greater than heifers in three out of the five 
sets of data. However, F tests for each set and for the 
pooled data indicated that these differences in variation 
were not significant. The coefficient of variation among 
bulls was not significantly different from the coefficient of 
variation among heifers. The authors concluded that either 
type of correction would be satisfactory for birth weight 
since the final adjustments would seldom vary more than 1.5 
pounds. Koch ^  a^. (1955) observed that the error associ­
ated in obtaining birth weights was about 2.0 pounds. Koch 
et al. (1959) concluded, since the variance among bulls for 
preweaning gain was significantly larger than the variance 
among heifers, that the multiplicative correction was more 
appropriate than the additive correction. However, large 
station differences existed in average daily gain from 
birth to weaning as well as in differences between bulls 
and heifers. 
Minyard and Dinkel (1960) compared additive and multi­
plicative sex corrections for the 190 day weaning weights of 
2351 Angus and Hereford calves from 20 ranches in South 
Dakota. The results indicate that the multiplicative cor­
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rection factor was somewhat more effective; however, neither 
the additive nor the multiplicative correction reduced the 
sex effect to a nonsignificant level. 
Brinks ^  al.. (1961) reported that heifers gained 95.2 
and 94.2 percent as much as steers and bulls from birth to 
weaning at 180 days. Swiger et aj.. (1962) observed that the 
daily gain of heifers from birth to 130 days was 94.5 and 
93.4 percent as great as that of steers and bulls, respec­
tively. Similar values for daily gain from 130 to 200 days 
were 93.3 and 97.3 percent, respectively. 
Age of dam 
The age of dam least squares estimates and their standard 
errors for the six dependent variables in the creep and non-
creep records are presented in Tables 5 and 6. The restric­
tion or constraint used in obtaining these estimates was 
E di = 0. Thus, the estimates for all age of dam classifica-
i 
tions should sum to zero except for rounding errors. 
The least squares estimates of the independent variables 
for second gain in Tables 5 and 6 represent the numerical 
difference in the least squares estimates for weaning weight 
minus first weight. This however is not true for the daily 
gain variables. 
Age of dam significantly affected all dependent 
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variables in the non-creep records (Table 8). In the creep 
records all dependent variables except second daily gain were 
significantly affected by age of dam. 
The âgé of dam constants for the weaning (205-day) 
weights in both the creep and non-creep records of this study 
are of the same magnitude as the age of dam constants pre­
sented in Table 21. The entries in Table 21 were obtained 
from the literature. The estimates were placed on a common 
basis. In most cases the restriction or constraint used by 
the different authors was that of placing one of the age of 
dam classifications equal to zero. In most cases this was 
the 2 or 8-year class. With this constraint the estimates 
would represent deviations from the di placed equal to zero. 
Thus, the age of dam effects given in Table 21 represent 
deviations from the 6 to 8-year class. 
The age of dam constants presented in Table 21 show 
that at all weaning ages maximum weaning weights were obtained 
from cows which ranged from 6 to 8 years. When one considers 
the diverse genetic backgrounds, management practices, 
selection programs and environments represented, the con­
sistency among the age of dam constants is truly amazing. 
The entries represent summarization for six weaning ages 
Table 21. Age of dam effects on weaning weight, as summarized from the literature; 
when age of dam is measured in years 
Minyard 
Brinks Koch and and Burgess Swiger Swiger Lehmann 
et al. Clark Dinkel et al. et M- et et al. 
Reference (1962) (1955a) (1960) (1954) (1962) (1962) (1961) 
Analysis^ L.S. L.S. L.S. L.S. L.S. L.S. L.S. 
Breed^ H H A, H H A, H H, A A, H, S 
Age 180 182 190 200 200 200 203 
Station Mont. Mont. S. Dak. Colo. Neb. Neb. Va. 
Number of 
calves 1029 5952 2351 546 647 2092 1987 
Age of dam 
2 -66.7 -35.7 -31.9 -66.1 -59.0 
3 -31.3 -38.0 -30.7 -25.2 -42.8 -37.0 
4 -18.3 -15.0 -18.7 • -16.0 1.0 -20.9 -17.0 
5 -6.3 -3.0 -10.7 -2.6 -9.9 -4.0 
6—8 0 0 0 ' 0 0 0 0 
9 -0.3 -9.0 -6.7 1 1.9 -1.8 -15.0 
10 -20.7 ] 1 -15.0 
11 -21.7 > -30.9 1 -26.0 
12 > -6.3 •-21.0 -35.7 ) -8.0 ) "17.2 -45.0 
13 I j -11.0 
14 ;-38.7 , J -33.0 
^L.S. = Least squares. 
^A = Angus, H = Hereford, S = Shorthorn, B = Brahman. 
Table 21 (Continued) 
Comfort 
Meade and Evans 
et al. Lasley et al. 
Reference (1961) (1960) (1955) 
Analysis^ L.S. Actual L.S. 
Breedb B H H . 
Age 205 210 210 
Station Florida Mo. 111. 
Number of 
calves 999 651 1737 
Age of dam 
2 1-29.3 -81.0 -106.0 
3 J -52.0 -54.0 
4 -14.3 -30.0 -20.0 
5 -9.3 -14.0 0 
6-8 0 0 0 
9 -4.3 -7.0 -14.0 
10 -7.3 -20.0 
11 -8.3 -39.0 
12 -17.3 ,-43.0 
13 -13.3 
14 -18.3 
15 -14.7 
^Optimum nutrition. 
^Sub-optimum nutrition. 
Rollins Rollins 
and and Hamann 
Wagnon Wagnon et al. 
(1956a)C (1956a)d (1960) 
L.S. L.S. L.S. 
H H A 
240 240 238 
Calif. Calif. Kansas 
- 577 1861 
-91.3 
-47.3 -46.7 -49.3 
-29.3 -27.7 -28.3 
-14.3 -12.7 -23.3 
0 0 0 
-0.3 -4.7 
-8.3 -15.7 
-4.7 
> 
- J  
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ranging from 180 to 240 days and for ten different states 
which probably represent the extremes in natural environments 
for beef cattle in the United States. 
When the present weights and gains were expressed as 
daily gains (first, weaning and second) the age of dam at 
which maximum production occurred followed the same pattern 
as observed with the actual weights and gains. The age of 
dam constants for weaning gains in both creep and non-creep 
data are very similar in size and magnitude to those reported 
by Marlowe and Gaines(1958) for creep and non-creep records. 
In those data maximum weaning daily gains in the creep 
records were from calves whose dams were from 6.5 to 7.5 
years of age. In the non-creep records maximum daily gains 
at weaning were from calves whose dams ranged in age from 
7.5 to 9.5 years of age. 
The entries in Table 22 are very similar to those in 
Table 21, having been constructed in the same manner. These 
age of dam constants represent the effect of age of dam as 
reflected by lactation number rather than actual age. The 
curvilinear relationship of age of dam to weaning weight is 
again shown. The constants from the two stations show that 
the relative age of dam effect is similar at both locations, 
Table 22. Age of dam effects on weaning weight, as summarized from the literature; 
when age of dam is measured by lactation number 
Reference 
Brown 
(1960) 
Rollins and 
Guilbert 
(1954) 
Analysis L.S. L.S. L.S. L.S. L.S. L.S. L.S. L.S. 
Breed& H A A H A A H H 
Age 180 180 180 240 240 240 240 240 
Station Arkansas Arkansas California 
Management NC^ NC C NC NC C NCC NC° 
Lactation No. 
1 -44 0 -20. 0 -42. 0 -43 0 -17. 0 -42. 0 -20. 0 -18. 
2 -25 0 -8 0 -14 0 -48 0 -4. 0 -16. 0 -12. 0 -11. 
3 -14 0 3, 0 -2. 5 -27 0 4. 0 0. 8 -5. 0 -5. 
4 0 0 0 0 0 0 0 0 
5 -8 0 -6. 0 22 0 -13 0 —6. 0 32. 0 1 6 -2 0 4. 0 31. 0 13 0 28. 0 21. 0 
7 -36 0 30. 0 22 0 -42 0 27. 0 26. 0 f 0 • 0 8 9 0 3 0 3 0 5 0 23. 0 6. 0 J 
9 ^ 2. 0 ^ -7. 
10 
11 
12 
-2.0 
-8.0 
-13.4 
-13.0 
-21.0 
-31.0 
^See footnotes, Table 21. 
= creep, NC = non-creep. 
Cgulls. 
^Heifers. 
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e. g. maximum production being from cows having 5th to 8th 
lactations. However, size of the respective age of dam 
constants is larger in the Arkansas data. The California 
data represent the differences in age of dam constants for 
the different sexes, bulls and heifers. 
Lush and Shrode (1950) and Koch and Clark (1955a) have 
discussed the possible biases which may be present in the age 
f 
of dam constants presented in Tables 5, 6 and 20. Age of 
dam correction factors may in general be calculated by two 
methods both of which are biased but in opposite directions. 
First, all records made at each age of dam are averaged 
(Method A). The constants obtained from this method are 
biased upward, including both the true age of dam effect and 
any effects which culling may have introduced, when low 
producing cows are culled at each age since the regression 
of production on age of dam is computed from the averages 
of all data available at each age of dam class. The second 
method is that of comparing records made by the same cow at 
two different ages (Method B). Age of dam constants derived 
in this manner are biased downward to the extent that genetic-
time trends are present in the data (Lush and Shrode, 1950) 
and to the extent that one is confronted with incomplete 
1 
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repeatability of records by the same cow (Koch and Clark, 
1955a). The mathematical formulation of the two types of 
calculations show that the ratio of the biases for the two 
methods (Method B/Method A) is equal to , where t is the 
repeatability of the individual record. See the study by 
Henderson _et a^., (1959) for discussion of these two biases. 
This study, representing independent work conducted at Iowa 
and New York, deals with the estimation of environmental and 
genetic trends from records subject to culling. 
Lush and Shrode (1950) discussed the calculation of age 
of dam corrections by regression and by multiplicative 
measures. The authors contend that with milk records of dairy 
cattle the multiplicative corrections come nearer than regres­
sion,, which would include the least squares analysis, to 
making the corrected records equally variable at all ages 
since the standard deviation of the actual records vary from 
age to age nearly as the mean does. 
Koch and Clark (1955a) obtained the set of age of dam 
correction factors presented in Table 21 by the use of the 
pooled estimates from Method A and Method B. As will be 
noted these compare very favorably with the estimates 
obtained by the usual least square analysis. 
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Age of calf 
The effect of age of calf was quite different in the 
creep and non-creep records. In the creep records the sum of 
squares due to linear regression of the dependent variables 
on age of calf at 100-day weight, expressed as a deviation 
from the farm-year mean age of calves at 100-day weight, was 
highly significant for only first weight and weaning weight. 
By contrast, in the non-creep records the linear regression 
on first age, expressed in the same manner, was highly sig­
nificant for all dependent variables except first daily gain 
and weaning daily gain. 
The regression coefficients presented in Tables 5 and 6, 
for the creep and non-creep records, thus represent the 
intra-farm, intra-year linear regression of dependent vari­
ables on age of calf at 100-day weight. The mean age of the 
calves at the first 100-day weight by farm-year groupings is 
given in Table 23. 
Age of calf at the weaning (205-day) weight could have 
been used as the covariate for the regression of the dependent 
variables on age of calf. However, it was felt that with the 
management regimes and weights and gains present the use of 
age of calf at the 100-day weight would be more informative. 
In these data the time from the 100-day weight to the weaning 
99 
Table 23. Mean age of creep and non-creep calves at first 
(100-day) weight by farm and year classes 
Creep Non-creep 
Farm-vear Age Farm-vear Age 
Albia 59 108 Chariton 59 106 
Albia 60 112 Chariton 60 115 
Albia 61 102 Chariton 61 118 
Ankeny 59 101 Lineville 59 112 
Ankeny 60 104 Lineville 60 119 
Ankeny 61 107 Lineville 61 121 
(205-day) weight was constant within farm-years (Table 1). 
The relative size of the regressions for both weaning weight 
and second gain in the creep and non-creep records should be 
indicative of the advantage, if any, obtained by creep feeding 
of calves during the last half of the preweaning suckling 
period. 
Johnson and Dinkel (1951) observed that growth rate of 
beef calves diminishes during the second part of the prewean­
ing suckling period under South Dakota range conditions. In 
those data the regression of weight on age was 1.85 and 0.84 
pounds per day for calves weighed at less than 154 days and 
for calves weighed at ages over 155 days, respectively. 
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Swiger et al. (1962) calculated linear regressions for gain 
from birth to 130 days and quadratic regressions for gain 
from 130 to 200 days for data from the Lincoln and Fort 
Robinson stations. 
Koch and Clark (1955a) and Brinks et al. (1962) observed 
that calves born later in the calving season had heavier 
estimated 180 day weaning weights when the weaning weight was 
estimated from the average daily gain to weaning times 180 
plus birth weight. 
The unadjusted means for the six dependent variables in 
the creep and non-creep data, when the age of calf at first 
(100-day) weight is given in 10 day intervals, is presented 
in Table 24. In both the creep and the non-creep records 
growth was approximately linear for first (100-day) weight 
and weaning (205-day) weight. The weaning weight of the 
creep calves averaged approximately 40 pounds more than 
the non-creep calves. At the 100-day weight the means were 
essentially the same for both creep and non-creep calves 
(Table 17). 
The regressions of first (100-day) weight on first age 
were 1.45 and 1.52 for the creep and non-creep records, 
respectively. These regressions are somewhat lower than 
similar regressions for gain to 130 days reported by Swiger 
Table 24. Unadjusted means of the six dependent variables according to management 
regimes and age of calf at first (100-day) weight 
Age of Mgt. Number First Weaning Second First Weaning Second 
calf of weight weight gain daily daily daily 
(days) calves gain gain gain 
50-59 15 142 304 162 1.40 1.56 1.64 
NC^ 6 143 260 117 1.45 1.27 1.18 
60-69 C 22 162 315 153 1.47 1.51 1.52 
NC 12 157 288 131 1.44 1.39 1.36 
70-79 C 38 173 332 159 1.41 1.54 1.63 
NC 13 172 301 129 1.38 1.33 1.31 
80-89 C 30 201 376 175 1.57 1.67 1.75 
NC 17 208 347 140 1.69 1.56 1.45 
90-99 G 50 214 376 162 1.55 1.59 1.63 
NC 31 204 327 123 1.45 1.37 1.29 
100-109 C 54 217 395 177 1.42 1.60 1.78 
NC 53 219 344 126 1.43 1.37 1 .32  
110-119 C 100 245 417 172 1.54 1.62 1.70 
NC 75 235 365 131 1.46 1.42 1.38 
120-129 C 90 260 435 176 1.55 1.65 1.76 
NC 77 245 368 123 1.43 1.37 1.29 
130-139 C 51 268 435 167 1.50 1.61 1.75 
NC 62 281 404 123 1.61 1 .4 8  1.29 
140+ C 6 271 422 151 1.40 1.48 1.60 
NC 38 296 416 120 1.60 1.44 1.21 
= creep. 
^NC = non-creep. 
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^ aJL. (1962). In those data the regressions of gain from 
birth to breeding season on age to breeding season were 1.68 
and 1.65 pounds per day for the Lincoln and Fort Robinson 
calves, respectively. Neville (1962) observed a least squares 
regression of -0.3 pounds per day for 120 day weight on birth 
order by day (earliest born had highest number) for non-creep 
Hereford calves. 
The regressions of weaning (205-day) weight on age of 
calf at first (100-day) weight, expressed as a deviation from 
the farm-year mean first age, were 1.60 and 1.30 for the 
creep and non-creep records, respectively. These regressions 
are comparable to those reported in the literature. Roger 
and Knox (1945a, 1945b) reported average regressions of wean­
ing weight on age at weaning of 1.21 and 1.33 pounds per day 
for New Mexico non-creep range Hereford calves. Burgess 
et al. (1954) reported a least squares regression of weaning 
weight on weaning age of 1.67 pounds per day. Hamann et al. 
(1960) reported the least squares regression of 1.4 pounds 
per day for weaning weight on weaning age for creep Angus 
calves. 
Least squares regressions for weaning weight on weaning 
age of 2.27 and 1.62 pounds per day, respectively, were 
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observed by Koch (1950) when cow differences were considered 
and when cow differences were not considered simultaneously 
with year, age of dam, sex of calf, inbreeding of dam and 
inbreeding of calf. Koch, in discussing the large differ­
ences in the two regressions, presented the following line of 
reasoning; 
When cows' effect are ignored and constants are fitted 
for all sources, the regression becomes the average 
intra-year regression of weight on age of calf ignoring 
what kind of calves the dams produced in other years. 
When constants are also fitted for the cows, each 
calf's weight is further adjusted for the average 
production of its dam in other years. Thus a record 
from a cow which produced calves that weighed more 
than average in other years would be adjusted downward 
to compensate for the better than average environment 
provided by the cow. If a record from a cow whose calves 
in other years weighed less than average were adjusted 
for the cow effect, the adjusted weight would be higher 
than before. Applying this reasoning to the increased 
slope of the line when the cow constants were fitted, 
it is seen that the better cows must have weaned younger 
calves, and vice versa, on the average. Since the 
weaning date was constant each year, the tendency was 
for the cows who produced heavier than average calves 
to calve later in the season. Conversely, those cows 
whose calves weighed less than average in other years 
more often than not had calves whose age at weaning was 
greater than the average age. 
To the author's knowledge this is the only study in which cow 
differences were considered simultaneously with other vari­
ables. In Koch's study a linear dependency between year and 
age of dam was encountered when cow differences were con­
sidered simultaneously with the other variables. 
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Swiger (1961) and Pahnish ^  (1961) have calculated 
separate regressions of weaning weight on weaning age for the 
different sexes. Swiger (1961) using an Ohio herd of Here-
fords observed least squares regressions of 2.0 and 1.4 pounds 
per day for the bulls and heifers, respectively. In those 
data separate regressions were calculated for the two sexes 
because of the significant sex by age of calf interaction 
encountered. Pahnish _et aj.. (1961) observed average regres­
sion coefficients within sexes of 1.44 and 1.09 pounds per 
day for bulls and heifers, respectively. 
Other workers have fitted constants for age of calf. 
Stonaker (1958) reported the age correction was plus or minus 
1.7 pounds for the each day the age deviated from the standard 
weaning age of 200 days. Rollins and Wagnon (1956a) reported 
least squares regressions of 8 month weaning weight on age at 
start of green forage. In herd A (cows received supplemental 
feed) the regression was 0.26 for each day over 80 days and 
-0.26 pounds per day for each day under 80 days (average age 
at start of green forage). In herd B (cows receiving no 
supplemental feed) the respective regressions were 0.30 and 
-0.30 pounds per day for those calves over and under 80 days. 
The linear regressions of second gain on first age, 
measured as a deviation from the farm-year first age, 
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presented in Tables 5 and 6 show that the calves in the creep 
and non-creep regimes did grow somewhat differently during the 
second half of the preweaning suckling period. In the creep 
records this regression was 0.147 pounds per day and in the 
non-creep records the regression was -0.215. These regres­
sions indicate, if the growth is really linear, that the 
older calves in the creep regime grew at a faster rate but 
in the non-creep regime grew at a slower rate than younger 
calves. The regressions for second daily gains of 0.0013 and 
-0.0023 show the same results for the creep and non-creep 
records. 
A check of the unadjusted means presented in Table 24 
for the creep and non-creep records indicates that growth 
rate as measured by second gain may not be quite as linear 
as that of first weight and weaning weight. Thus when linear 
regressions are calculated, as in these analyses, the for 
these traits would be expected to be smaller than for first 
and weaning weights. This is partially verified by the size 
2 
of the R for the respective dependent variables in Tables 7 
and 8 for the creep and non-creep records. 
Inbreeding 
Inbreeding was encountered only where the calves had 
creep records. The effect of inbreeding of dam and calf was 
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quite different for the six dependent variables. The tests 
of significance performed using the mean squares in Table 7 
show that the effect of inbreeding of dam was non-significant 
for all six dependent traits. Tests of significance 
utilizing the same residual mean square show that the effect 
of inbreeding of calf to be highly significant for all six 
dependent traits. 
The breeding projects from which these data came were 
somewhat different. The only inbreeding encountered in the 
Albia records was in the progeny from production-bred sires 
raised in the herd. Five "single-sire" inbred lines (three 
Angus and two Hereford) were represented in the Ankeny data. 
Not all of these inbred lines were formed at the same time or 
had the same initial relationship among the foundation 
animals. Four of the inbred lines had been formed for a 
sufficient length of time so that average inbreeding coef­
ficients for the dams exceeded 9.50 percent. The mean 
inbreeding coefficients by line, farm and breed for dams 
and calves are presented in Table 25. Those animals in 
lines 5 and 8 represent random-mated animals of different 
genetic origin. Those animals in lines 6 and 9 represent the 
foundation animals from which new inbred lines were to be 
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Table. 25. Mean inbreeding percentage 
line, farm and breed 
of dams and calves by 
Mean Inbreeding: 
Line Farm Breed N o .  Dams Calves 
1 Albia Hereford 78 0 0 
2 Albia Hereford 76 0.27 6 . 4 2  
3 Albia Hereford 67 0 0 
5 Ankeny Hereford 6 0 0 
6 Ankeny Hereford 5 0 0 
7 Ankeny Angus 34 17.92 24.43 
8 Ankeny Hereford 49 0 0 
9 Ankeny Angus 18 0 0 
10 Ankeny Hereford 3 8  9.50 15.52 
11 Ankeny Hereford 31 42.70 3 . 2 7  
12 Ankeny Angus 54 17.56 4 . 9 7  
formed. 
The average inbreeding coefficients of the calves 
exceeded those of the dams in only three of the lines (one 
Angus and two Herefords). In two of the lines (one Angus 
and one Hereford) infertility of the bulls selected to be 
used as sires dictated that modifications be made in the 
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breeding plans for these two lines. For the Hereford line 
this amounted to the use of an unrelated bull with the 
exception of a few calves which were sired by a young bull 
selected from the line which had a calculated inbreeding 
coefficient in excess of 45.00 percent. In the Angus line 
slightly related bulls were introduced from the Oklahoma 
station. These procedures resulted in lower inbreeding 
coefficients for the calves than for the dams. 
The average inbreeding coefficients, disregarding line 
designation, were 7.33 and 4.98 percent for the dams and 
calves, respectively. 
The least squares linear regressions of the dependent 
traits on inbreeding of the dam and calves are presented in 
Table 5. The relative size and sign of similar regressions 
reported in the literature diverge from those observed in 
these data. In these data inbreeding of dam, even though 
non-significant, was positively related to first weight, 
weaning weight and second gain, but was negatively related 
to daily gains. By contrast, the regressions for inbreeding 
of calf were highly significant and negative for all traits. 
Studies by Swiger _et al. (1961, 1962) indicate that the 
regressions of production traits on inbreeding of dam and 
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calf vary in different genetic populations. In the 1961 
study the regressions of 200-day weaning weight were -0.14 
and -1.42 pounds per one percent increase in inbreeding of 
dam and calf, respectively, for the Lincoln data in which the 
predominant breed was Angus. Similar regressions for the 
Fort Robinson data, in which the predominant breed was Here­
ford, were 0.04 and -0.05 pounds percent inbreeding for the 
dam and the calf, respectively. In the Lincoln data the 
mean inbreeding coefficients for the dams and calves were 10 
and 13 percent, while in the Fort Robinson data they were 3 
and 5 percent. 
In the 1962 study the regressions for dependent traits 
on inbreeding of dam and calf were calculated only for the 
Lincoln data. The 647 Lincoln calves used in this study 
included the 283 calves present in the 1961 study. The 
traits in the 1962 study were birth weight, gain from birth 
to 130 days and gain from 130 to 200 days. The partial 
regressions of gain from birth to 130 days on percent in­
breeding were -0.10 and -0.36 pounds for the cow and calf, 
respectively. The standard errors for these regression 
coefficients were 3 and 2 times as large as the regression 
for the dam and calf, respectively. With the second period 
gain (gain from 130 to 200 days) the regressions on inbreeding 
110 
of dam and calf were -0.05 and -0.15 pounds for inbreeding of 
the dams and calves. In the 1962 data the mean inbreeding 
coefficients were 8.4 and 8.9 for the dams and calves, 
respectively. 
Burgess ^  aJL. (1954) observed least squares regressions 
of weaning weights on inbreeding of dams and calves of -1.15 
and -1.76 pounds, respectively. In those data the mean 
inbreeding coefficients were 5 percent for both dams and 
calves. 
Koch (1951) calculated least squares regressions of 182 
day weaning weight on inbreeding of dam and calf of -2.54 
and -0.48 pounds. The mean inbreeding coefficients were 5.9 
percent for the dams and 12.4 percent for the calves. 
The study by Bovard _et al. (1963) including Angus, 
Hereford and Shorthorn cattle gave quite divergent results. 
Inbreeding of Angus calves had a large effect on all vari­
ables except birth weight and mid-summer type score, but 
inbreeding of Angus cows had a negligible effect. The 
values for the regressions of average daily gain on inbreed­
ing of dams and calves were opposite in the Angus and Short­
horn breeds. For each additional one percent of inbreeding 
of dam and calf the regressions were -0.0012 and -0.0056 for 
the Angus and -0.0047 and -0.0013 for the Shorthorn cows and 
t 
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calves, respectively. 
The comparison of the regressions of preweaning and 
weaning traits for beef calves on inbreeding of dam and calf, 
from both these data and those in the literature indicate 
that in general inbreeding of the calf is more detrimental to 
production traits than inbreeding of the dam. However, if 
the regressions observed in both these and other data are 
truly representative, the relative influence of inbreeding 
of dam and calf does vary with the different preweaning and 
weaning productive traits being measured. 
It must be realized that in these data as well as those 
cited the number of animals used were quite low being less 
than 1000 in all studies and that the mean inbreeding levels 
were still less than 20 percent. In all studies except those 
by Swiger e^ aj.. (1961, 1962) the regressions were computed 
simultaneously with the other constants. In the studies by 
Swiger et aX. (1961, 1962) partial regressions for dams and 
calves were computed simultaneously with age of calf on data 
in which multiplicative sex corrections had been applied 
previously. 
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Maternal Abilities 
Repeatabilities 
The estimate of the repeatability for a trait is primari­
ly useful in two ways. First, the repeatability of a given 
trait theoretically sets the upper limit to the heritability 
estimate for that trait. Second, the estimate of repeat­
ability of a given trait for an individual gives an indica­
tion of the gain in accuracy to be expected in a selection 
program when multiple measurements are obtained for the 
given trait. 
Multiple measurements of the phenotype of a given trait 
for an individual were classified by Falconer (I960) as 
those which are repeated in time (temporal repetition), or 
as those which are repeated in space (spatial repetition), 
Of these two categories those exhibiting temporal repetition 
would seem to be more important in a selection program for 
productive traits. 
Temporal repetition is involved with such traits as 
milk yield in successive lactations and'' type scores at 
successive ages. Other traits which exhibit temporal repeti­
tion would be litter size in successive pregnancies and, as 
in these data, weaning weights of calves in successive years. 
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Spatial repetition, or repetition in space, is exemplified by 
anatomical or structural traits which may be measured on both 
sides of the body of the individual. An example would be che 
number of bristles on the abdominal segments of Drosophila. 
The phenotypic measurement of a given trait is the 
combined result of hereditary and environmental effects. The 
formulation usually presented is: 0 = H + E + EH 
where 0 = phenotypic expression of the trait 
H = hereditary effects 
E = environmental effects 
EH = joint effects of heredity and environment. If H 
is separated into its components the formula would be 
0 = G + D + I + E + EH 
where H = G + D + I, and 
G = genie or additive effects 
D = dominance effects 
1 = epistatic effects. 
Thus the phenotypic observation for each trait measured on an 
individual is the sum of its genie, dominance, epistatic and 
environmental deviations and the interaction of heredity and 
environment. 
The heredity of an individual does not change in either 
time or space. However, the environment does not remain 
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constant for repeated measurements. The environmental 
deviation associated with each measurement is either 
permanent and temporary. Permanent environmental effects or 
deviations are those which influence all measurements of the 
given trait on an individual. Temporary environmental devia­
tions are those which are peculiar to each measurement and 
thus have an opportunity to become canceled with repeated 
measurements. 
Where there is no covariance between hereditary and 
environmental effects, the variance of the trait for 
2 9 9 individuals with single measurements is a 0 = a H + a E 
where a^E includes both permanent (a^P) and temporary (a^T) 
9 2 
environmental variances. If a H and a E variances are 
expanded into their components 
a^O = a^G + a^D + ct^I + a^P + a^T. 
With n repeated measurements for a given trait for an 
individual, the phenotypic variance may be partitioned into 
the variance within individuals and the variance among 
individuals. The within individual component measures the 
differences between the measurements of the same trait at 
different times and is entirely environmental in origin, 
being caused entirely by temporary differences of environment 
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between successive measurements. The among individuals 
component measures the permanent or real differences among 
individuals for the successive measurements of the trait. 
These permanent differences include the hereditary (a H) and 
O 
permanent environmental (a P) variances. The partitioning 
of the phenotypic variance expressed by repeatability is thus 
into two components those due to temporary differences, (a T) 
9 9 
and those due to permanent differences (ct H + ct P). Repeat­
ability (Rj), or the intraclass correlation between repeated 
measurements of a given trait for the same individual, is 
thus equal to 
CT^H + CT^P or CT^H + CT^P (Falconer, 1960). 
CT^H + CT^P + CT^T 
Repeatability calculated in this manner therefore expresses 
the proportion of the variance of single measurements that 
is due to permanent differences, both hereditary and environ­
mental . 
Lush (1945, and earlier editions) presented two defini­
tions of heritability. Heritability in the broad sense is 
defined as the ratio of the hereditary variance to the 
phenotypic variance, -2^ , and heritability in the narrow 
a^O 
sense is defined as the ratio of the genie or additive 
2 
variance to the phenotypic variance, -S—£ . These two 
CT^O 
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2 2 definitions of heritability are the same if a D and a I are 
zero. 
From the definition of heritability and repeatability it 
can be seen that repeatability should be as large as herit­
ability in the broad sense. However, if permanent environ­
mental effects are present, the repeatability estimate will 
2 by definition be larger than heritability since a P inflates 
both the numerator and denominator in estimating repeatability 
or the intraclass correlation. 
The "most probable producing ability" formula presented 
by Lush (1945, 1948) demonstrates the usefulness of repeated 
measurements in conjunction with a selection scheme. 
The formula is: 
MPPA = X + 1 - t A 
1 + (n - 1)t 1 + (n - 1)t 
or = A + nt (X - Â) 
1 + (n - l)t 
where MPPA = most probable producing ability 
n = number of measurements 
t = repeatability 
X = individual mean for the trait 
A = population mean for the trait. 
Lush (1948) in discussing the formula and its derivation has 
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shown that the regression of the genotype on the mean of n 
phenotypic observations was of the form: 
2 2 bGP = ^ G n = n a G 
a^O 1 + (n - l)t CT^O [1 + (n - l)t] 
O 
where CT G = heritability in the narrow sense 
CT2O 
t = repeatability (correlation between repeated 
measurements) 
n = number of measurements. 
If one can assume that t had in its numerator only genie 
2 
variance, i.e. t = ct G 
CT^O 
9 2 
_ n CT G n CT G 
CT 0 1 + (n - Dct G cy 0 + (n - 1)CT^G 
CT^O 
2 When both numerator and denominator are divided by CT 0 this 
equals the "weighting factor" given in the MPPA formula. 
As indicated by Lush (1948) the numerator of the repeat­
ability estimate usually includes some dominance, epistatic 
and permanent environmental variances. Consequently, the 
regression used in obtaining the "weighting factor" for the 
MPPA formula would be of the form 
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1 + (n - l)t 
n 
1 + (n - iKa^G + g^P) 
n 
2 
n g^G 
2 2 2 
g 0 + (n - l)(g G + g P) 
where 
2 g P = dominance, epistatic and permanent environmental 
variances. 
The above discussion and formulation has dealt with the 
intraclass correlation or repeatability of repeated measure­
ments of the trait on an individual. However, the application 
of the methods used in calculating the intraclass correlation 
has varied somewhat from that of calculating the correlation 
between repeated measurements on the same individual. The 
direct application of the intraclass correlation to a genetic 
situation is that of analyzing the progeny records for a given 
set of sires by the "among sire" and "within sire" paternal 
half-sib analysis (Hazel _et al., 1943; Kempthorne, 1957). 
The "among sire" and "within sire" paternal half-sib analysis 
of variance and covariance, using the same notation as in 
2 2 Table 12 with g D = g S, is one of the more useful analyses 
in deriving estimates of such items as heritability, genetic, 
phenotypic, and environmental correlations if certain assump­
tions are valid (Hazel _et al. , 1943; Koch, 1953; Swiger, 
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1960). 
2 The value, a S, in the paternal half-sib analysis of 
variance represents the covariance between paternal half-
sibs. With autosomal inheritance, random mating, no environ­
mental correlation between progeny members of a sire and no 
O O 
epistacy a S has expectation of 1/4 a G (Kempthorne, 1957). 
Thus, the genie or additive genetic variance in the population 
may be estimated by 4 a S. However, with epistacy (Kemp-
n 
thorne, 1957; Dickerson, 1959) a S has an expectation of 1/4 
G G plus 1/16 of the variance due to two-loci interactions, 
plus 1/164 of the variance due to three-loci interactions, 
etc. of the additive effects of the loci. The within sire 
2 2 
component or mean square, a W, has an expectation of 3/4 a G 
2 
+ a R. Multiplication of the derived paternal half-sib 
2 
intra-class correlation, 2_§ » by 4 therefore esti-
a^S + a^W 
mated heritability in the narrow sense (Lush, 1948). With 
other than random mating systems, e. g. inbreeding, the 
2 2 
expectations of a S and a W can be corrected for deviations 
from random mating (Lush, 1948; Kempthorne, 1957). Examples 
of these corrections have been demonstrated (Hazel e_t al. , 
1943; Koch, 1953) where the mating systems could be specified. 
The relationship among the various traits for paternal 
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half-sibs is shown in Figure 1 by the path diagram or the 
path coefficient technique presented by Wright (1934). The 
genie values of the sire and progeny for a given trait are 
represented by Gj^ and G^, respectively. The Ej^ and 
represent the environmental and phenotypic values for a 
given trait in the progeny where G^ + = P^, The path 
coefficients (h^, e^^ and p^) measure, in terms of standard 
deviations, the direct influence of the various factors in 
causing changes in the dependent variables. For example, 
hj = represents the square root of heritability, in 
the narrow sense, for a given trait (Lush, 1945; 1948). 
Thus, where the assumptions stated above of autosomal 
inheritance, random mating, no environmental correlation 
between paternal half-sibs and no epistacy are valid, the 
correlation between paternal half-sibs has a value of 1/4 h 
Consequently, the covariance between paternal half-sibs is 
2 thus 1/4 a G. As indicated earlier this value is the expec 
2 tation of the sire component, a S, used in calculating the 
paternal half-sib intraclass correlation. 
In like manner the records of progeny from different 
dams may be analyzed by the maternal half-sib analysis into 
"among dam" and "within dam" variance components. The 
expectation of the various components, and a^W, in the 
Figure 1. Relationships among paternal half-sibs 
1 = First (100-day) weight 
2 = Gain from 100 day to 205 day weight 
3 = Weaning (205-day) weight 
= Phenotype of calf 
Gi = Genotype of calf 
G| = Genotype of sire 
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maternal half-sib analysis are somewhat different from the 
9 9 
expectations of a S and a W in the paternal half-sib analysis. 
The differences between the expectations arise from the fact 
that items considered as environmental in the paternal half-
sib analysis are a component part of the covariance between 
maternal half-sib progeny. In the maternal half-sib analysis 
the variance component from dams, a D, represents the covari­
ance between the same trait for maternal half-sibs and has 
2 9 2 
expectation of l/4aG+aM+ aGM. In this notation a G is 
the genie or additive genetic variance, a M represents the 
variance due to permanent differences among dams in their 
maternal abilities and aGM is the covariance between the 
dam's genie value for the trait and the dam's maternal 
O 
ability for the trait. The value for a M has a genie and a 
permanent environmental portion. The expectation of the 
2 2 2 
within dam mean square, a W, is then equal to 3/4 a G + a E, 
2 
where a E represents the variance peculiar to a calf which 
9 9 
arises from factors other than a G, a M or aGM. Thus, the 
9 2 
within sire mean square, a W, has an expectation of 3/4 a G + 
2 9 9 
a M + aGM + a E, where a R, as previously defined, is under­
stood to consist of a^M + aGM + a^E. 
Figure 2 shows the relationships among maternal half-sibs. 
The genie value of the sire, dam and progeny for a given trait 
Figure 2. Relationships among maternal half-sibs 
1 = First (100-day) weight 
2 = Gain from 100 day to 205 day weight 
3 = Weaning (205-day) weight 
Pi = Phenotype of calf 
Gi = Genotype of calf 
G{ = Genotype of sire 
G{' = Genotype of dam 
= Maternal environment for first 100 days 
post-partum 
M^' = Maternal environment for second 100 days 
post-partum 
mi 
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is represented by Gj^, GP and G^, respectively. The 
represent the value of the maternal environmental influence 
on a given trait. All other notations are the same as with 
Figure 1 which shows the relationships among paternal half-
sibs. The path coefficient m^ measures in standard deviation 
units the direct influence of the maternal environment on the 
trait. 
Thus, the correlation between the 100-day weights of two 
2 2 2 
maternal half-sibs is 1/4 h^ + m^ + m^r^ ^  h^. The h ^ 
represents heritability of 100-day weight in the narrow 
2 
sense and m^ represents the direct influence of maternal 
environment on the 100-day weight. The value m^rg^^^h^ 
represents the effect of the joint action of the genie value 
of the dam and the maternal effect of the dam for the 100-day 
weight of the calves. 
The correlation between the second gain or second daily 
gain, the values representing the gain from the 100 day 
weight to the 205 day weight, for two maternal half-sib 
progeny would be equal to 1/4 h| + m^ + However, 
the correlation between the weaning weights or weaning daily 
gains of maternal half-sibs is, using the scheme presented in 
Figure 2, 
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p2(l/4h2 + m? + + p^d/A h? + m? + + 
l/2(p^p2h^h2rg^g^) + + P2^2"^1^G2M3^ "*" 
In terms of covariances the maternal half-sib relation­
ships are as given below. The covariance between first 
2 
weights for maternal half-sibs is then equal to 1/4 a + 
2 
a + aG^M^; which represents the numerator of the ratio, 
2 
, in obtaining the maternal half-sib intraclass 
2 2 
a D + a W 
correlation or repeatability for first or 100 day weight. The 
covariance between second gains of maternal half-sibs is 
2 2 
equal to 1/4 a G2 + c M2 + 062^^. Hence, the covariance 
between the weaning or 205 day weights of maternal half-sibs, 
2 
viz. a D for use in calculating repeatability of weaning 
weights, is: 
1/4 (A^G]_ + O^GG) + 1/2 OG-^G2 + + 2 OM^MG + 
aGiMi + oG^M2 + + 0G2M2. 
As indicated previously the above covariances may also serve 
as the symbolic representation of the covariances for the 
daily gains since first daily gain, weaning daily gain and 
second daily gain are coded forms of first weight, weaning 
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weight and second gain, respectively. 
By comparison of Figures 1 and 2 it is readily apparent, 
with the assumptions outlined previously, that the 
covariances among maternal half-sibs for the different traits 
are the same as the covariances for paternal half-sibs with 
the exception of the maternal effects and the covariance of 
genie and maternal effects. Since the maternal effects can­
not be measured directly the relative influence can be 
inferred by comparing the derived intraclass correlations 
from the paternal and maternal half-sib analyses. 
The intraclass correlations or repeatability estimates 
were calculated for the six preweaning and weaning traits in 
the creep and non-creep records using the "among dam" and 
"within dam" variance components. These among dam and within 
dam variance components were derived from mean squares which 
had been adjusted for the degrees of freedom used in cal­
culating the constants. The repeatability estimates for the 
creep and non-creep records are presented in Tables 10 and 11. 
The repeatability estimates for both creep and non-
creep records were calculated using both "single record dams" 
and "multiple record dams". As indicated by Koch (1953) 
exclusion of the single record dams from the analysis does 
bias the repeatability estimate obtained. This bias was 
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further elucidated by the work of Henderson e£ al. (1959). 
Consequently, the repeatability estimates presented in Tables 
10 and 11 are biased to the extent that the cows were culled 
because of low weaning weights of their calves. In data such 
as these where the number of cows was . being expanded during 
the period covered and where most of the cows left the herd 
for reasons other than low weaning weight of their calves the 
bias should be small. 
The 456 creep records were from 232 dams. Among these 
232 dams, 81 had a single record, 78 had two records, and 
73 had three records. The 384 non-creep records were from 
207 dams of which 87 had one record, 63 had two records, and 
57 had three records. 
In both the creep and the non-creep records the variance 
2 
among dams, a D, accounted for approximately 40 percent of 
the variance observed for traits measured at 100 and 205 days 
(first weight, first daily gain, weaning weight and weaning 
daily gain). However, for those traits representing gain 
from 100 days to 205 days, second gain and second daily gain, 
2 the variance among dams, a D, accounted for only approxi­
mately 23 percent and 14 percent of the phenotypic variance 
observed for these two traits in the creep and the non-creep 
records, respectively. 
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The repeatability estimates of 0.433 and 0.444 for wean­
ing weight in the creep and the non-creep records compare 
quite well with those presented in Table 26 which were 
obtained from the literature. The calculated average of the 
estimates in Table 26 is approximately 0.43. The repeat­
ability estimates for weaning daily gain were 0.442 in the 
creep records and 0.454 in the non-creep records. Thus, it 
appears that repeatability is the same for weaning weight or 
its coded form, weaning daily gain. 
The largest difference between the intraclass correla­
tions or repeatability estimates for a given trait in either 
the creep or the non-creep data was in first weight. The 
repeatability estimate was 0.382 in the creep data and 0.507 
in the non-creep data. Of the six comparisons which may be 
made among the intraclass correlations for the creep and the 
non-creep records (Tables 10 and 11) this is the only 
instance in which the repeatability estimates plus or minus 
their standard errors do not overlap. 
In these data estimated first daily gain was apparently 
as satisfactory as was actual first weight in measuring 
maternal ability to 100 days. The repeatability estimates 
for first daily gain were 0.378 and 0.485 in the creep and 
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Table 26. Intraclass correlations (repeatabilities) of 
weaning weights reported in the literature 
Estimate Breed^ Authors and date Station 
0. 51 H Koger and Knox (1947) N. Mex. 
0. 52 H Koch (1951) Mont. 
0. 43 A, H Botkin and Whatley (1953) Okla. 
0. 48 H Rollins and Guilbert (1954) Calif. 
0. 34 H Koch (1953) Mont. 
0. 51 Rollins and Wagnon (1956a) Calif. 
0. 34 Rollins and Wagnon (1956a) Calif. 
0. 32 A, H Chambers _et (1956) Okla. 
0. 50 H Stonaker (1958) Colo. 
0. 42 A, H Minyard and Dinkel (1960) S. Dak. 
0. 30 A, H Pratt et aA. (1962) Okla. 
0. ,45 A, H Lueker e^ al. (1963) Ark. 
= Angus, H = Hereford. 
^Optimum nutrition. 
^Sub-optimum nutrition. 
the non-creep records, respectively. These repeatability 
estimates for first weight and first daily gain in the non-
creep records are higher than comparable figures observed in 
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the literature. However, the repeatability estimates for the 
first weights and first daily gains in the creep records are 
similar to estimates given by others. Rollins _et al. (1952) 
and Rollins and Guilbert (1954) reported repeatability esti­
mates of 0.37 and 0.34 for 120-day average daily gain. 
Chambers ^  al. (1956) reported intraclass correlations for 
112-day weights of beef calves which ranged from 0.20 to 0.36 
in records from four locations in Oklahoma. 
It is quite clear that repeatability estimates of calf 
growth made during the latter half of weaning are lower than 
those made during the first half. Those for second gain, the 
gain from the 100 day to the 205 day weight, were 0.237 and 
0.141 for the creep and non-creep records, respectively. For 
second daily gain the values were 0.235 and 0.132 for the 
creep and non-creep records. These repeatability estimates 
during the second half of the suckling period were somewhat 
lower than the value of 0.26 reported by Rollins ^  al. 
(1952), especially in the case of non-creep calves. 
Repeatability estimates of weaning weight as measured by 
the regression of the first record on each later record or by 
the regression of the first record on the mean of subsequent 
records range from approximately 0.3 to 0.7 (Botkin and 
Whatley, 1953; Gregory et al., 1950; Koger and Knox, 1947). 
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The above authors reported correlations calculated in the 
same manner which ranged from 0.4 to 0.7. With both the 
regression and the correlation method the average value was 
approximately 0.5. Gregory et al. (1950) reported regres­
sions and correlations for gain from birth to weaning of 
approximately 0.4 for the North Platte station. 
The intraclass correlations or repeatability estimates 
calculated in these data show that variations which may be 
attributed to differences between dams do vary with the 
trait being measured and that these differences do apparently 
change as the suckling period progresses. 
Since paternal half-sib analyses of variance and co-
variance were not performed, more precise inferences con­
cerning the variances due to genie effects, maternal effects 
and the joint effects of maternal and genie effects cannot 
be given. 
Warwick (1958) reported that the average heritability 
estimate for weaning weight, with all methods of calculation, 
was approximately 0.3. The heritability estimates reported 
by Chambers ^  aJL. (1958), Lehmann _et al. (1961), Minyard and 
Dinkel (1960) and Rollins and Wagnon (1956a), calculated by 
use of the paternal half-sib correlation method, are perhaps 
more representative of the range expected in heritability 
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estimates for weaning weight. In these studies the range was 
from 0.2 to 0.50 with an average of approximately 0.3. In 
general, the standard errors of heritability estimates, 
computed by use of the paternal half-sib analysis, are 
high. 
The heritability estimates presented by Meyerhoeffer 
et al. (1963) and Swiger jet a^. (1962) are representative of 
the variations observed in paternal half-sib heritability 
estimates for various preweaning and weaning traits. The 
heritability estimates reported by these authors for traits 
measuring gains during the second half of the suckling period 
were very similar. However, differences were observed in 
the heritability estimates reported by these authors for 
traits measuring gains during the first half of the suckling 
period and for traits representing total gains during the 
suckling period. Swiger et aj.. (1962) reported herit­
abilities for gain during the second half of the suckling 
period of 0.44+0.14 and 0.28 + 0.06 for the Lincoln and 
Fort Robinson data, respectively. Meyerhoeffer _et aJ.. (1963) 
reported heritabilities for daily gain during the second half 
of the suckling period of 0.39 + 0.10 for heifers and 0.33 + 
0.10 for bulls. Heritability estimates for daily gain during 
the first half of the suckling period were -0.16 + 0.09 and 
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0.15 + 0.05 (Swiger et, _al., 1962) and 0.13 + 0.02 and 0.21 + 
0.09 (Meverhoef£er et al.. 1963). Heritability estimates for 
daily gains during the entire suckling period were -0.02 + 
0.06 and 0.14 + 0.05 (Swiger ^  ajL., 1962) and 0.18 + 0.08 
and 0.28 + 0.10 (Meyerhoeffer et al., 1963). 
These estimates indicate that heritability of growth is 
considerably higher after 100 days than in the earlier phase. 
Conversely, these data here indicate that repeatability is 
higher for traits expressed early in the life of the calf, 
especially for the non-creep calves. 
The repeatability estimates for traits measured at 100 
days (first weight and first daily gain) and for traits 
including the entire 205 day period (weaning weight and 
weaning daily gain) were approximately 0.4 in both the creep 
and the non-creep records. These repeatability estimates 
agree with the repeatability values reported in the litera­
ture. These repeatabilities are of such magnitude that some 
culling can safely be practiced after one or at the most two 
preweaning or weaning records for the calves. 
The repeatability estimates for second gain and second 
daily gain, the traits measuring gain during the second half 
of the suckling period, were approximately 0.24 and 0.14 in 
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the creep and the non-creep data. A comparison of these 
repeatability estimates with those calculated for first 
weight and first daily gain support the hypothesis that the 
maternal environment through the first 100 days post-parturn 
is more important than the maternal environment for the second 
100 days post-partum. Swiger ^  al. (1962) suggested that 
the ability of the dam to mask the genetic potential for 
growth is lower during the second half of the suckling 
period. 
Covariance analysis 
The maternal half-sib covariance analysis, "among dams" 
and "within dams", was performed on the six corrected pre-
weaning and weaning records for the 456 creep calves and the 
384 non-creep calves. The purpose of this analysis was to 
measure the relationship of the permanent maternal abilities 
for the different traits as the suckling period progressed. 
The limitation of the maternal half-sib covariance 
analysis when compared with the paternal half-sib covariance 
analysis are the same as those found in the respective 
variance analyses. In the covariance analysis with autosomal 
inheritance, uncorrelated errors, random mating and no 
epistacy the expectation of the among sire component, aS^Sj, 
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is 1/4 aG^Gj. However, in the maternal half-sib covariance 
analysis the among dam component, aD^Dj, has, as in the variance 
analysis, in addition co the genie covariance, other covari-
ances which are due to maternal effects of the dam and joint 
effects of the genie values and the maternal effects. 
Hence, as in Figure 2, the correlation between the 100 
day weight of a calf and the second gain of a different calf 
from the same dam contains the elements 1/4 h^h2rQ^Q^ + 
mim2rj^^M2 + '^2^G]^M2^1 + "*1^G2M3^^2- terms of co-
variances, the maternal half-sib covariances for two traits 
is 1/4 oG-^G2 + aM^M2 + 1/2 (aG^M^ + oG2M^). 
In like manner the maternal half-sib covariance between 
the 100 day weight and weaning or 205 day weight is 
1/4 CT Gj^ + 1/4 O'Gj^G2 4" (J + oG^M^ 4° 1/2 562^^). 
By use of the "among dam" and "within dam" variance and 
covariance components calculated in these data three correla­
tions were computed for the six preweaning and weaning 
traits (first weight, weaning weight, second gain, first 
daily gain, weaning daily gain and second daily gain) in the 
creep and the non-creep records. These three correlations 
were the phenotypic, the among dam and the within dam correla­
tions . 
The phenotypic, among dam and within dam variance and 
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covariance components for the creep and the non-creep data are 
presented in Tables 13 and 14, respectively. The correlations 
computed from these variance and covariance components are 
presented in Tables 15 and 16. The phenotypic correlations 
are by definition interclass correlations, computed as the 
covariance between two traits divided by the square root of 
the product of the two variances for the respective traits. 
The correlations of primary importance are the among dam 
correlations. The among dam correlations between two traits 
reflect the extent to which maternal abilities of the dam for 
different traits are correlated. The within dam correlations 
between two traits represent the degree to which factors not 
associated with the dam influence the growth of the calf in 
different periods. 
Because of the part-whole relationships of the weights 
based on part of the weaning period and weaning weight which 
includes the entire period, most of the within dam correla­
tions are quite large. But those representing growth in non-
overlapping periods (FW:SG; FW:SDG; SG:FDG and FDG:SDG) are 
exceedingly small, tending to vary around zero with small 
plus or minus values. These small correlations indicate 
there are very few carryover effects on growth from one 
period to another, except for those which are contributed 
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through the maternal abilities of the dam. 
Note that the among dam correlations are greater for both 
creep and non-creep records for all combinations of traits 
than the corresponding within dam correlations. This 
indicates that the early maternal environment provided by the 
dam exerts a more persistent effect on subsequent growth then 
do the other early environmental influences. 
The extent to which the correlations found in the creep 
records differ from their counterparts in the non-creep 
records should yield information concerning the effect of 
creep feeding upon the expression of maternal abilities. 
None of the within dam correlations differ significantly from 
their counterparts except the two involving second gain and 
second daily gain (Snedecor, 1956). Evidently these correla­
tions of .981 and .998 are each different from unity because 
of rounding errors, or because the linear corrections for age 
were not entirely adequate in adjusting the data. 
The among dam correlations are arranged in Table 27 
according to the extent to which the periods overlap in which 
the traits were expressed. Where the traits were expressed in 
the same period, the correlations are slightly less than 
unity because of rounding errors and adjustments which had 
slightly different effects. As expected, they are quite 
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Table 27. Correlations among dams arranged by periods of 
growth 
Contrast Traits Creep Non-creep Significance 
One period FW :FDG .983 .976 NS 
with same SF :SDG .989 .997 P< .001 
period WW :WDG .987 .987 NS 
First period FW :WW .942 .969 .05>P>.01 
and entire FW :WDG .928 .946 NS 
period WW :FDG .898 .968 .01>P>.001 
FDG :WDG .904 .977 P< .001 
Second period WW ;SG .926 .824 P< .001 
and entire WW :SDG .918 .837 P< .001 
period SG ;WDG .924 .848 P< .001 
WDG :SDG .932 . 866 P< .001 
First period FW :SG .748 .659 NS 
and second FW CSDG .743 .674 NS 
period SG :FDG .672 .714 NS 
FDG :SDG .677 .741 NS 
similar for creep and non-creep data. 
Where the correlations involve a trait measured in the 
first period from bitth to 100 days and another measured over 
the entire period from birth to weaning at 205 days, they are 
higher for the non-creep data than for the creep data. 
Conversely, when the correlations involving the second period 
and entire period are compared, those for the creep data are 
higher. There is little difference in the creep data between 
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correlations involving the entire period and either the first 
or second period. But in the non-creep data, the correla­
tions between first period traits and entire period traits 
are considerably higher than those between the second period 
traits and the entire period traits. The differences between 
the creep and non-creep correlations are significant in seven 
of the eight contrasts, but since there are only three primary 
variables a high degree of agreement is to be expected for 
the tests of significance. 
The among dam correlations between measures of growth in 
the first and second periods vary between .67 and .75 (Table 
27). There is no appreciable difference for the two manage­
ment systems. Since these correlations are so nearly the 
same, while the second period-whole period correlations were 
larger for creep records than for non-creep records, it can 
be inferred that the maternal component is magnified during 
the second period when creep feeding is practiced. Another 
way of saying this is that the phenotypic variance in the 
second period is increased by creep feeding and that a con­
siderable proportion of this increase appears in the dam 
component. This was also evident in the greater repeat-
abilities for the second period traits under creep feeding 
(Tables 11 and 12). In the creep records the repeatability 
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for weight increased from 0.382 at 100 days to 0.433 at 205 
days and the repeatability of second period gain was 0.237. 
In the non-creep records the repeatability for weight de­
creased from 0.507 at 100 days to 0.444 at 205 days and the 
repeatability of second gain was 0.141. 
Path coefficient diagrams have been developed to il­
lustrate the relations observed for the creep calves, 
Figure 3, and for the non-creep calves, Figure 4, for weights 
or gains in the first and second periods. The correlations 
were observed in the present study, but have been averaged 
over the different methods of measuring weights in the two 
periods. A more complete analysis than that attempted in 
Figures 3 and 4 must await estimation of the genetic com­
ponents for growth in the two periods and information con­
cerning the nature of the covariance between growth and 
maternal abilities. 
Figure 3. Relationships among maternal half-sibs for 
traits measuring weights or gains during the 
first and second 100-day post-partum periods 
in the creep records 
PL. = First (100-day) weight or first daily 
gain for calf 1 
P^2 = First (100-day) weight or first daily 
gain for calf 2 
= Gain from 100 day to 205 day weights for 
calf 1 
^22 ~ Gain from 100 day to 205 day weights for 
calf 2 
+ l/2Gn = Maternal contribution to first 
(100-day) weights 
^2 + I/2G2 = Maternal contribution to gains 
from 100 day to 205 day weights 
E]]^  = Environmental contribution to first (100-
day) weight or first daily gain of calf 1 
Ei2 = Environmental contribution to first (100-
day) weight or first daily gain of calf 2 
E21 = Environmental contributions to gains from 
100 days to 205 day weights for calf 1 
E22 = Environmental contributions to gains from 
100 day to 205 day weights for calf 2 
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Figure 4. Relationships among maternal half-sibs for 
traits measuring weights and gains during 
the first and second 100-day post-partum 
periods in the non-creep records 
Pll = First (100-day) weight or first daily 
gain for calf 1 
Pl2 = First (100-day) weight or first daily 
gain for calf 2 
Po-. = Gain from 100 day to 205 day weights for 
calf 1 
Poo = Gain from 100 day to 205 day weights for 
calf 2 
+ 1/2G^ = Maternal contribution to first 
(100-day) weights 
M2 + I/2G2 = Maternal contribution to gains 
from 100 day to 205 day weights 
= Environmental contribution to first (100-
day) weight or first daily gain of calf 1 
E-^2 - Environmental contribution to first (100-
day) weight or first daily gain of calf 2 
E21 = Environmental contributions to gains from 
100 days to 205 day weights for calf 1 
E22 - Environmental contributions to gains from 
100 day to 205 day weights for calf 2 
M, + G, 
aaa + %ga 
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SUMMARY 
The purpose of this study was to examine factors in­
fluencing the producing ability of beef cows for preweaning 
and weaning weights and gains of beef calves handled under 
two different management regimes. Preweaning and weaning 
traits studied were: (1) first (100-day) weight, (2) first 
daily gain, (3) weaning (205-day) weight, (4) weaning daily 
gain, and weight gain between the 100 day and the 205 day 
weights expressed as both (5) second gain and (6) second 
daily gain. 
The data used were the preweaning and weaning records of 
840 Angus and Hereford calves. These calves were the progeny 
of 48 bulls and 439 cows. These calves were born in the 
spring calving season during the years of 1959, 1960, and 
1961 on four Iowa State University experimental farms. 
Calves on two of the farms received supplemental (creep) 
feeding each year after the 100 day weights were taken. 
A least squares analysis of the independent variables 
(farm-year, breed, sex of calf, age of dam, age of calf, in­
breeding of calf and inbreeding of dam) evaluated their 
importance for each of the preweaning and weaning traits of 
the 456 "creep fed" and the 384 "non-creep fed" calves. 
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In the creep records all six traits were significantly 
affected by inbreeding of calf but not by inbreeding of dam. 
There was no inbreeding in the non-creep calves. The effects 
of farm-year, breed and sex were highly significant for all 
traits except first weight in both creep and non-creep 
records. For first weight farm-year and sex, but not breed, 
effects were highly significant in both creep and non-creep 
records. Age of dam effects were significant for all traits 
in the non-creep records and for all except second daily gain 
in the creep records. Age of calf effects were highly sig­
nificant for only first weight and weaning weight in the 
creep records and for all traits except first daily gain and 
weaning daily gain in the non-creep records. Constants for 
the fixed effects which were derived from these analyses 
were used to adjust the data before performing separate 
between dam and within dam analyses of variance and co-
variance for the creep and non-creep records. 
Repeatability estimates of maternal abilities were 
obtained for the preweaning and weaning traits in the creep 
and the non-creep records by use of variance components. 
The repeatability estimates with their approximate standard 
errors for the various traits were; 
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Creep Non-creep 
Early growth period 
First (100-day) weight 0.382 + 0.059 0.507 + 0.057 
First daily gain 0.378 0.059 0.485 0.059 
Later growth period 
Second period gain 0.237 + 0.065 0.141 + 0.077 
Second daily gain 0.235 0.065 0.132 0.078 
Total growth 
Weaning (205-day) weight 0.433 + 0.056 0.444 + 0.062 
Weaning daily gain 0.442 0.055 0.454 0.061 
Phenotypic, among dam and within dam interclass correla­
tions were calculated between each of the pre-weaning and 
weaning traits by use of the variance and covariance com­
ponents obtained from the maternal half-sib variance and co-
variance analyses. 
While most of the phenotypic, among dam and within dam 
correlations were large and statistically significant, the 
within dam correlations involving early and late growth were 
not, fluctuating around zero with small positive or negative 
values. This indicates that maternal effects are persistent 
over the entire suckling period but that other environmental 
factors influencing growth of the calf in the two periods are 
of a temporary nature. 
The corresponding among dam correlations were compared 
for the creep and the non-creep calves, a summary of the 
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results being as follows: 
Combination of periods Creep Non-creep 
Early period and entire period 
Later period and entire period 
Early period and later period 
0.92 
0.92 
0.70 
0.95 
0.84 
0.70 
The among dam correlations involving the later period growth 
and growth over the entire period were significantly larger 
for the creep calves than for the non-creep calves, indi­
cating that variation is increased by creep feeding and that 
much of this variation appears in the maternal component. 
In all cases the among dam correlations were larger than 
the phenotypic and within dam correlations. 
The apparent trends exhibited by the repeatability 
estimates for these various traits and the relationships 
observed in the covariance analysis indicated that the 
maternal effects through the first 100 days post-partum are 
apparently more important in the non-creep records than in 
the creep records. 
Conversely, maternal effects appear more important in 
the last 100 days before weaning where creep feed is provided 
than where it is not. In both systems, maternal effects are 
the persistent source of variation over the two periods, the 
other environmental factors being temporary in nature. 
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